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ASSAY TO DETECT HUMAN DPP-4

This application claims benefit under 35 U.S.C. § 119(¢)
of the following U.S. Provisional Application Nos. 62/101,
697 filed Jan. 9, 2015. The above listed application 1s

incorporated by reference herein 1n 1ts entirety for all pur-

poses.
The content of the electronically submitted sequence
listtng 1m  ASCII text file (Name  DPP4-

100P1_sequence_listing.txt; Size: 26,741 bytes; and Date of
Creation: Dec. 15, 2014) filed with the application i1s incor-
porated herein by reference 1n 1ts entirety.

BACKGROUND

Dipeptidyl Peptidase IV (DPP-4) (also known as CD26 or
adenosine deaminase binding protein) 1s a type 1l transmem-
brane serine protease 1n the prolyl oligopeptidase famaily that
catalyzes the hydrolysis of N-terminal dipeptides from the
N-terminus of polypeptides having a proline or alanine in
position 2 (Enzyme Commission (EC) Number 3.4.14.5
(BRENDA 1 IUBMB)). A number of chemokine and peptide
hormones including GLP-1, GLP-2, gastric inhibitory poly-
peptide (GIP), pituitary adenylate cyclase-activating poly-
peptide (PACAP) and neuropeptide Y are cleaved and 1nac-
tivated by DPP-4. See, e.g., Yaron A., Naider F. Crit. Rev.
Biochem. Mol. Biol. 28, 31-81 (1993); Mentlein R. Regul
Pept. 85(1):9-24 (1999). As a result, DPP-4 regulates glu-

cose metabolism, appetite and pain regulation though 1its
ability to mhibit chemokine and peptide hormones.

In addition to its role as a regulatory protease, DPP-4 also
binds several molecules and induces intracellular signal
transduction. In particular, DPP-4 induces T-cell co-stimu-
lation/proliferation and lymphocyte-epithelial cell adhesion

by binding to several ligands including adenosine deaminase
(ADA). See, e.g., Gines et al., Biochem. J. 361:203-209

(2002). DPP-4 has also been reported to enhance T-cell

maturation and migration, cytokine secretion, antibody pro-
duction, immunoglobulin isotype switching of B cells, and

activation of cytotoxic T cells. Ohnuma et. al., Front Biosci.
13:2299-310 (2008).

DPP-4 1s a 110 kDa glycoprotein, encoded by a gene
located on chromosome 2 (2g24.3) (Abbott et al. Immuno-
genetics. 40(5):331-8 (1994)), and functions as a homodimer
consisting of 766 amino acids. Each monomer consists of
two domains: an alpha/beta hydrolase domain and an eight-
blade beta-propeller domain. DPP-4 1s widely expressed in
several tissues including liver, lung, kidney, epithelial cells
and lymphocytes. Heike et al. Clin Exp Immunol. 74:431-
434 91988); Gorrell et al., Scand J Immunol. 54:249-264
(2001). Upon T cell activation, DPP-4 expression 1s up-
regulated on resting T cells. A soluble, active form of DPP-4
containing most of the extracellular domain (residues
39-766) including the key catalytic domain, has also been
observed. Ikushima H, et al. Cell Immunol. 215(1):106-10
(2002).

DPP-4 gene knock out mice show improved glucose
tolerance with oral glucose loading, increased insulin and
GLP-1 activity; resistance to diet-induced obesity; and
increased 1nsulin sensitivity following high-fat diets. Mar-
guet et al., Proc Natl Acad Sc1 USA. 97(12):6874-9 (2000);
Conarello et al., Proc Natl Acad Sci1 USA. 100(11):6825-30
(2003). In addition to 1ts role 1n metabolic disorders and
glycemic control, DPP-4 has also been implicated in con-
trolling 1mmune function, cell migration, entry of viruses
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into cells, cancer metastasis and inflammation. See, e.g.,
Aytac et al., Curr Drug Targets Immune Endocr Metabol
Disord 4(1):11-8 (2004).

More recently, DPP-4 expression has been reported to be
highly induced by Interleukin-13 (IL-13). See, e.g., Zhang et
al., Am J Respir Crit Care Med 189:A4875 (2014); Shiobara
et al., Am J Respir Crit Care Med 189:A4239 (2014);
Brightling et al., Am J Respir Crit Care Med 189:A6670
(2014); U.S. Provisional Application No. 61/931,878, filed
Jan. 277, 2014; and U.S. Provisional Application No. 61/990,
032, filed May 9, 2014, each herein incorporated by refer-
ence 1n 1ts entirety for all purposes. IL-13 1s a 114 amino acid

cytokine with an unmodified molecular mass of approxi-
mately 12 kDa. McKenzie, A. N., et al. ] Immunol, 1993.

150:5436-44; Minty, A., et al. Nature, 1993. 362:248-30.
IL-13 levels have been shown to correlate with disease
severity 1n a number of diseases or disorders including, but
not limited to, asthma, chronic obstructive pulmonary dis-
case, 1diopathic pulmonary fibrosis, and atopic dermatitis.
For example, in asthmatics and rodent models of allergic
inflammation elevated 1L-13 levels have been reported to
correlate with disease severity (see U.S. Pat. Appl. Publ. No.
2012-0052060, published Mar. 1, 2012, and incorporated
herein by reference 1n 1ts entirety).

Chronic obstructive pulmonary disease (COPD) includes
patient populations with varying degrees of chronic bron-
chitis, small airrway disease, and emphysema, and 1s char-
acterized by progressive irreversible lung function decline
that responds poorly to current asthma based therapy. Zheng
et al (J Clin Invest, 2000. 106:1081-93) demonstrated that
overexpression of 1L-13 1n the mouse lung caused emphy-
sema, elevated mucus production, and inflammation, retlect-
ing aspects ol human COPD. The signs are therefore that
IL-13 plays an important role 1n the pathogenesis of COPD,
particularly in patients with asthma-like features.

IL.-13 can also play a role 1n the pathogenesis of inflam-
matory bowel disease, and has been associated with fibrotic
conditions, such as 1diopathic pulmonary fibrosis (IPF). See,
e.g., Jovani, M., et al. Curr Drug Targets. 2013.12:1444-52;
and Rafii, R., et al. J Thorac Dis. 2013. 1:48-73

Atopic dermatitis 1s a common chronic inflammatory skin
disease that 1s often associated with other atopic disorders
such as allergic rhinitis and asthma (Bieber, New England
Journal of Medicine, 2008, 358: 1483-1494). Upregulation
of IL-13 mRNA has been observed in subacute and chronic
lesions of atopic dermatitis (Tazawa et al., Arch. Dermatol.
Res., 2004, 295:459-464; Purwar et al, J. Invest. Derm.,
2006, 126, 1043-1051; Oh et al., J Immunol., 2011, 186:
7232-42).

Elevated DPP-4 levels have been observed in asthma,
COPD and AD patients (see, e.g., U.S. Provisional Appli-
cation No. 61/931,878, filed Jan. 27, 2014; and U.S. Provi-
sional Application No. 61/990,932, filed May 9, 2014, each
incorporated herein by reference 1n 1ts entirety). In addition,
in a phase 2B clinical study involving asthma patients, high
serum DPP-4 levels predicted improved response rates in
patients treated with an IL-13 antibody antagonist (traloki-
numab) 1dentifying DPP-4 as a predictive biomarker for
IL-13-mediated disease or disorders including an IL-13-
mediated pulmonary disease or disorder (e.g., asthma, IPF or
COPD) or an IL-13-mediated chronic inflammatory skin

disease or disorder (e.g., atopic dermatitis). See Brightling et
al., Am J Respir Crit Care Med 189: A6670 (2014); and U.S.

Provisional Application No. 61/931,878, filed Jan. 27, 2014;
and U.S. Provisional Application No. 61/990,932, filed May
9, 2014, each herein incorporated by reference 1n its entirety.
Thus, while increased DPP-4 levels are known to correlate
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with certain IL-13-mediated diseases or disorders and
DPP-4 serum levels are known to predict patient response to

anti-1L-13 therapy, there remains a need for specific and
sensitive assays to measure the amount and/or determine
changes in DPP-4 levels in patients, including, but not
limited to, patients suflering from an IL-13-mediated disease
or disorder. Although there are commercially available
reagents which could be used to measure serum DPP-4
levels 1n patients, these commercially available reagents or
kits rely on polyclonal antibodies, which not only introduce
assay variations due to lot to lot differences and/or are not
very sensitive. Accordingly, there still remains a need for
specific and sensitive antibodies, reagents and/or immuno-
assays to measure the amount and/or determine changes 1n
DPP-4 levels 1n patients.

BRIEF SUMMARY

This disclosure provides anti-dipeptidyl peptidase-4
(DPP-4) antibodies that can be used, e.g., 1n diagnostic
assays to determine DPP-4 levels in a subject. Exemplary
ant1-DPP-4 antibodies of the disclosure include: (1) mouse
monoclonal antibody m3B7.6 produced by a hybridoma
deposited on Jan. 8, 2015 at the American Type Culture
Collection (ATCC), 10801 University Boulevard, Manassas,
Va. 20110-2209, under the provisions of the Budapest Treaty
on the International Recognition of the Deposit of Micro-
organisms for the Purpose of Patent Procedures, and
assigned ATCC accession number PTA-121870; (2) mouse
monoclonal antibody m5B7.7 produced by a hybridoma
deposited on Jan. 8, 2015 at the American Type Culture
Collection (ATCC), 10801 University Boulevard, Manassas,
Va. 20110-2209, under the provisions of the Budapest Treaty
on the International Recognition of the Deposit of Micro-
organisms for the Purpose of Patent Procedures, and
assigned ATCC accession number PTA-121871; (3) rat
monoclonal antibody R11A2.15 produced by a hybridoma
deposited on Jan. 8, 2015 at the American Type Culture
Collection (ATCC), 10801 University Boulevard, Manassas,
Va. 20110-2209, under the provisions of the Budapest Treaty
on the International Recognition of the Deposit of Micro-
organisms for the Purpose of Patent Procedures, and
assigned ATCC accession number PTA-121872; and (4) rat
monoclonal antibody R11A9.11 produced by a hybridoma
deposited on Jan. 8, 2015 at the American Type Culture
Collection (ATCC), 10801 University Boulevard, Manassas,
Va. 20110-2209, under the provisions of the Budapest Treaty
on the International Recognition of the Deposit of Micro-
organisms for the Purpose of Patent Procedures, and
assigned ATCC accession number PTA-121873.

In certain aspects the disclosure provides an isolated
antibody or antigen-binding fragment, variant, or derivative
thereol, or two or more such antibodies, where the antibody
or antibodies competitively 1nhibit binding of and/or bind to
the same DPP-4 epitope as: (1) mouse monoclonal antibody
m3B7.6 produced from a hybridoma deposited at the ATCC
under Deposit No. PTA-121870, (2) mouse monoclonal
antibody m5B7.7 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121871, (3) rat mono-
clonal antibody R11A2.15 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121872, or
(4) rat monoclonal antibody R11A9.11 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873, or any combination thereof.

In certain aspects, the disclosure provides an isolated
antibody or antigen-binding fragment, variant, or derivative
thereol that binds DPP-4, which includes a heavy chain
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4

variable domain (VH) with three heavy chain complemen-
tarity determiming regions (CDRs) VHCDR1, VHCDR2 and

VHCDR3, and a light chain variable domain (VL) with three
light chain CDRs VLCDRI1, VLCDR2, and VLCDR3,
where the CDRs of the isolated antibody, or fragment,
variant, or derivative thereof are i1dentical to the CDRs of

mouse monoclonal antibody m3B7.6 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-

121870, mouse monoclonal antibody m5B7.7 produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121871, rat monoclonal antibody R11A2.15 produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121872, or rat monoclonal antibody R11A9.11 pro-
duced from a hybridoma deposited at the ATCC under

Deposit No. PTA-121873.

In certain aspects, the antibody or antigen-binding frag-
ment, variant, or derivative thereof provided by this disclo-
sure can 1nclude a VH and a VL 1dentical to the VH and VL

of mouse monoclonal antibody m3B7.6 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121870, mouse monoclonal antibody m5B7.7 produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121871, rat monoclonal antibody R11A2.15 produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121872, or rat monoclonal antibody R11A9.11 pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121873.

In certain aspects the disclosure provides an antigen-
binding antibody fragment as described above. In certain
aspects the antibody fragment can be a Fab fragment, a Fab'
fragment, a F(ab")2 fragment, a Fv fragment, or a single
chain antibody molecule.

The disclosure further provides a hybridoma deposited at
the ATCC under Deposit No. 121870, a hybridoma depos-

ited at the ATCC under Deposit No. 121871, a hybridoma
deposited at the ATCC under Deposit No. 121872, a
hybridoma deposited at the ATCC under Deposit No.
121873, and/or a combination thereof. In certain aspects the
disclosure provides an antibody-producing cell culture that

includes a hybridoma deposited at the ATCC under Deposit
No. 121870, a hybridoma deposited at the ATCC under

Deposit No. 121871, a hybridoma deposited at the ATCC
under Deposit No. 121872, a hybridoma deposited at the
ATCC under Deposit No. 121873, and/or a combination
thereol. In another aspect the disclosure provides an 1solated
antibody or antigen-binding fragment, variant, or derivative
thereol produced by the hybridoma as provided herein or the
antibody-producing cell culture as provided herein.

In certain aspects, the antibody, or fragment, variant, or
derivative thereof provided by the disclosure, or the anti-
body produced by the hybridoma or the cell culture provided
by the disclosure, or a fragment, variant, or derivative
thereof (including, e.g., antibodies m3B7.6, m5B7.7,
R11A2.15, or R11A9.11), further includes a heterologous
polypeptide fused thereto. For example, 1n certain aspects,
the heterologous polypeptide 1s a stabilizing polypeptide, a
tag, a label, or a combination thereof.

In certain aspects, the antibody, or fragment, variant, or
derivative thereof provided by the disclosure, or the anti-
body produced by the hybridoma or the cell culture provided
by the disclosure, or a fragment, variant, or derivative
thereof (including, e.g., antibodies m3B7.6, m5B7.7,
R11A2.15, or R11A9.11), 1s conjugated to a heterologous
moiety. In certain aspects, the heterologous moiety includes
one or more of: a peptide, a protein, an enzyme, a lipid, a
heterologous antibody or fragment thereof, a detectable
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label, or polyethylene glycol (PEG). In certain aspects, the
heterologous moiety 1s, €.g., biotin, or a ruthenium chelate.

The disclosure further provides a composition that
includes the antibody, or fragment, variant, or derivative
thereot as provided by the disclosure, and/or the antibody
produced by the hybridoma or the cell culture provided by
the disclosure, or a fragment, variant, or derivative thereof
(including, e.g., antibodies m3B7.6, m5B7.7, R11A2.13,
and/or R11A9.11). In certain aspects, the composition
includes a combination of at least two such antibodies.

In another aspect, the disclosure provides an isolated
polynucleotide that includes a nucleic acid molecule encod-
ing an antibody, or a subunit, fragment, variant, or derivative
thereol as provided by the disclosure, or the antibody or
fragment thereof produced by the hybridoma or the cell
culture provided by the disclosure, or a subunit, fragment,
variant, or derivative thereof (including, e.g., antibodies

m3B7.6, m3B7.7, R11A2.15, or R11A9.11). The disclosure

turther provides a vector that includes the polynucleotide as
provided.

In certain aspects the disclosure provides a composition
that includes two or more nucleic acid molecules encoding,
the antibody, or a fragment, variant, or dertvative thereof as
provided by the disclosure, or the antibody or fragment
thereof produced by the hybridoma or the cell culture
provided by the disclosure, or a fragment, varant, or deriva-
tive thereof (including, e.g., antibodies m3B7.6, m5B7.7,
R11A2.15, or R11A9.11). In certain aspects the two or more
nucleic acid molecules are situated 1n the same vector. The
disclosure further provides the vector that includes the two
or more nucleic acid molecules as provided, situated 1n the
same vector. In certain aspects, the two or more nucleic acid
molecules are situated 1n at least two separate vectors. The
disclosure further provides the two separate vectors.

The disclosure further provides an 1solated host cell that
includes the provided vector, or the two or more provided
vectors. The disclosure further provides a method of making,
an ant1-DPP-4 antibody, or a subunit, fragment, variant, or
derivative thereol as provided by the disclosure, or the
antibody produced by the hybridoma or the cell culture
provided by the disclosure, or a subunit, fragment, variant,
or denvative thereof (including, e.g., antibodies m3B7.6,
mS5B7.7, R11A2.15, and/or R11A9.11), where the method
includes (a) culturing the provided host cell, and (b) recov-
ering the antibody, subumit, fragment, or dertvative thereof.

In another aspect, the disclosure provides a kit for mea-
suring DPP-4 levels 1n a sample, where the kit includes the
antibody, or fragment, variant, or derivative thereol as
provided by the disclosure, or the antibody produced by the
hybridoma or the cell culture provided by the disclosure, or
a fragment, variant, or derivative thereof (including, e.g.,
antibodies m3B7.6, m3B7.7, R11A2.15, or R11A9.11). In
certain aspects, the kit includes at least two such antibodies,
or fragments, variants, or derivatives thereof. The kit can
turther include a solid support and/or detection reagents. In
certain aspects, one of the at least two antibodies or frag-
ments, variants, or derivatives thereol can be a capture
antibody, or fragment, variant, or derivative thereot, and one
of the at least two antibodies or fragments, variants, or
derivatives thereof can be a detection antibody, or fragment,
variant, or derivative thereof. In certain aspects the detection
antibody can include a detectable label, e.g., the detectable
label can be biotin and the kit can include detection reagents
such as a streptavidin-horse radish peroxidase (HRP) con-
jugate and a colorimetric substrate for HRP, or the detectable
label can be a ruthenium chelate. In certain aspects:
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The capture antibody can be mouse monoclonal antibody
m3B7.6 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121870, or an antigen-
binding fragment, variant, or derivative thereol and the
detection antibody can be rat monoclonal antibody
R11A2.15 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872 or an antigen-bind-
ing fragment, variant, or dernivative thereof;

The capture antibody can be mouse monoclonal antibody
m3B7.6 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121870, or an antigen-
binding fragment, variant, or derivative thereof and the
detection antibody can be rat monoclonal antibody
R11A9.11 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121873 or an antigen-bind-
ing fragment, variant, or derivative thereof;

The capture antibody can be mouse monoclonal antibody
m5B7.7 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121871 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody can be rat monoclonal antibody R11A2.15 as
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121872 or an antigen-binding fragment,
variant, or derivative thereof;

The capture antibody can be mouse monoclonal antibody
m5B7.7 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121871 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody can be rat monoclonal antibody R11A9.11 as
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121873 or an antigen-binding fragment,
variant, or derivative thereof;

The capture antibody can be rat monoclonal antibody
R11A2.15 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody can be mouse monoclonal antibody m3B7.6 as
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870, or an antigen-binding fragment,
variant, or derivative thereof;

The capture antibody can be rat monoclonal antibody
R11A2.15 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody can be mouse monoclonal antibody m5B7.7 as
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121871 or an antigen-binding fragment,
variant, or derivative thereof;

The capture antibody can be rat monoclonal antibody
R11A9.11 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121873 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody can be mouse monoclonal antibody m3B7.6 as
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870, or an antigen-binding fragment,
variant, or derivative thereof; and/or

The capture antibody can be rat monoclonal antibody
R11A9.11 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121873 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody can be mouse monoclonal antibody m5B7.7 as
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121871 or an antigen-binding fragment,
variant, or derivative thereof.

The disclosure further provides an immunoassay for
detecting DPP-4 levels in one or more samples, where the
immunoassay includes the use of at least two anti-DPP-4
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antibodies or antigen-binding fragments, variants, or deriva-
tives thereotf, where one of the anti-DPP-4 antibodies can be
an 1solated antibody or antigen-binding fragment, variant, or
derivative thereof that competitively inhibits binding of
and/or binds to the same DPP-4 epitope as mouse mono-
clonal antibody m3B7.6 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121870, or mouse

monoclonal antibody m3B7.7 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121871; and
where one of the anti-DPP-4 antibodies comprises an 1so-
lated antibody or antigen-binding fragment, variant, or
derivative thereof that competitively inhibits binding of
and/or binds to the same DPP-4 epitope as rat monoclonal
antibody R11A2.15 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121872 or rat monoclonal
antibody R11A9.11 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121873.

In certain aspects, the immunoassay includes the use of at
least two anti-DPP-4 antibodies or antigen-binding frag-
ments, variants, or derivatives thereol, where one of the
ant1-DPP-4 antibodies can be an 1solated antibody or anti-

gen-binding fragment, variant, or derivative thereof that
includes VH with three heavy chain CDRs VHCDRI,

VHCDR2 and VHCDR3, and VL with three light chaln
CDRs VLCDRI1, VLCDR2, and VLCDR3, where the CDRs
ol the 1solated antlbody,, or fragment, variant, or derivative
thereol are identical to the CDRs of mouse monoclonal
antibody m3B7.6 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121870, or mouse mono-
clonal antibody m5B7.7 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121871; and where
one of the two or more anti-DPP-4 antibodies can be an
isolated antibody or antigen-binding fragment, variant, or

derivative thereof that includes a VH with three heavy chain
CDRs VHCDRI1, VHCDR2 and VHCDR3, and VL with

three light chain CDRs VLCDRI1, VLCDR2, and VLCDR3,
where the CDRs of the isolated antibody, or Ifragment,
variant, or derivative thereof are 1dentical to the CDRs of rat
monoclonal antibody R11A2.15 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121872, or
rat monoclonal antibody R11A9.11 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873.

In certain aspects, the immunoassay includes the use of at
least two anti-DPP-4 antibodies or antigen-binding frag-
ments, variants, or derivatives thereotf, where one of the two
or more anti-DPP-4 antibodies can be an isolated antibody
or antigen-binding fragment, variant, or derivative thereof
that includes a VH and a VL 1dentical to the VH and VL of
mouse monoclonal antibody m3B7.6 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121870, or mouse monoclonal antibody m5B7.7 produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121871; and where one of the two or more anti-DPP-4
antibodies can be an 1solated antibody or antigen-binding
fragment, vanant, or derivative thereotf that includes a VH
and a VL identical to the VH and VL of rat monoclonal
antibody R11A2.15 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121872, or rat monoclo-
nal antibody R11A9.11 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121873.

In certain aspects, the immunoassay can be a sandwich
immunoassay that mcludes use of a first anti-DPP-4 “cap-
ture” antibody or antigen-binding fragment thereof attached
to a solid support, and a second anti-DPP-4 “detection”
antibody or antigen-binding fragment thereol (including,

e.g., antibodies m3B7.6, m5B7.7, R11A2.15, and/or
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R11A9.11). For example, the immunoassay can include
attaching a capture antibody or antigen-binding fragment
thereol to a solid support; applying the test sample or a
control sample under conditions sutlicient to allow DPP-4,
if present in the sample, to bind to the capture antibody or
antigen-binding fragment thereof; applying the detection
antibody or antigen-binding fragment thereof under condi-
tions suflicient to allow binding to DPP-4 already bound to
the capture antibody or antigen-binding fragment thereof;
and measuring the amount of detection antibody or antigen-
binding fragment thereof bound to DPP-4. In certain aspects
the detection antibody can include a detectable label, e.g.,
the detectable label can be biotin and the kit can include
detection reagents such as a streptavidin-horse radish per-
oxidase (HRP) conjugate and a colorimetric substrate for
HRP, or the detectable label can be a ruthenium chelate.

In certain aspects the immunoassay can include the use of
a capture antibody and a detection antibody where:

The capture antibody 1s mouse monoclonal antibody
m3B7.6 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121870 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody 1s rat monoclonal antibody R11A2.15 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121872 or an antigen-binding fragment, variant, or
derivative thereof;

The capture antibody 1s mouse monoclonal antibody
m3B7.6 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121870 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody 1s rat monoclonal antibody R11A9.11 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121873 or an antigen-binding fragment, variant, or
derivative thereof;

The capture antibody 1s mouse monoclonal antibody
m5B7.7 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121871 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody 1s rat monoclonal antibody R11A2.15 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121872 or an antigen-binding fragment, variant, or
derivative thereof;

The capture antibody 1s mouse monoclonal antibody
m5B7.7 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121871 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody 1s rat monoclonal antibody R11A9.11 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121873 or an antigen-binding fragment, variant, or
derivative thereof;

The capture antibody 1s rat monoclonal antibody
R11A2.15 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody 1s mouse monoclonal antibody m3B7.6 as pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870 or an antigen-binding fragment,
variant, or derivative thereof;

The capture antibody 1s rat monoclonal antibody
R11A2.15 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody 1s mouse monoclonal antibody m5B7.7 as pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121871 or an antigen-binding fragment,
variant, or derivative thereof;
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The capture antibody 1s rat monoclonal antibody
R11A9.11 as produced from a hybridoma deposited at the

ATCC under Deposit No. PTA-121873 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody 1s mouse monoclonal antibody m3B7.6 as pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870, or an antigen-binding fragment,
variant, or derivative thereof; and/or

The capture antibody 1s rat monoclonal antibody
R11A9.11 as produced from a hybrndoma deposited at the
ATCC under Deposit No. PTA-121873 or an antigen-bind-
ing fragment, variant, or derivative thereof and the detection
antibody 1s mouse monoclonal antibody m5B7.7 as pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121871 or an antigen-binding fragment,
variant, or derivative thereof.

In certain aspects, the disclosure provides a method of
measuring the amount of DPP-4 in a sample obtained from
a subject, where the method includes assaying the sample
using the provided immunoassay or kit, and/or the provided
antibody, or fragment, variant, or derivative thereot, or a
combination of two or more such antibodies (including, e.g.,
antibodies m3B7.6, m5B7.7, R11A2.15, and/or R11A9.11).
In certain aspects, the sample can be one or more of whole
blood, serum, plasma, saliva, urine, sputum, bronchoalveo-
lar lavage fluid, lung epithelial cells, or nasal polyps, or skin.
In certain aspects, the subject has a disease or condition
selected from the group consisting of: an IL-13-mediated
disease or disorder, a pulmonary disease or disorder, and a
chronic inflammatory skin disease or disorder. For example,
the disease or condition can be asthma, atopic asthma,
corticosteroid naive asthma, chronic asthma, corticosteroid
resistant asthma, corticosteroid refractory asthma, asthma
due to smoking, asthma uncontrolled on corticosteroids,
idiopathic pulmonary fibrosis (IPF), chronic obstructive
pulmonary disease (COPD), ulcerative colitis (UC), atopic
dermatitis (AD), allergic rhinitis, chronic rhinosinusitis, skin
fibrosis, allergic contact dermatitis, eczema and/or psoriasis.
In certain aspects, the sample can be obtained from the
subject and can be submitted for measurement of the DPP-4
level 1n the sample. In certain aspects, the subject can be an
asthma patient, and the sample taken from the patient can be
serum.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

FIG. 1: Draimning lymph node injection sites for RIMMS
protocol. Mouse and rat monoclonal antibodies specific for
human DPP-4 were produced using the Repetitive Immu-
nization at Multiple Sites (RIMMS) protocol (Kilpatrick, K.,
et al., Hybridoma 16:381-389 (2009)). Briefly, two Wistar
rats were immunized with 30, 15,7, 3, 3, and 3 ug CD26 on
days 0, 2, 5,7, 9, and 13, respectively, into draining lymph
node sites A, B, and C as shown in FIG. 1. Mouse immu-
nization followed the same schedule but with half the
amount of antigen at each time point.

FIGS. 2A-D: Anti-DPP-4 mouse and rat antibodies are
specific for human DPP-4 as shown using a direct binding
ELISA. Direct binding ELISA against human DPP-4
(r-DPP-4-h1s) (A) or human gpl30-his (B) using pre-im-
mune (left side) or day 13 test-bleed (right side) sera from
two rats (R9472 and R9473) immunized with human DPP-4.
Day 13 rat sera specifically binds to human DPP4, while no
specific binding 1s seen using pre-immune sera. Direct
binding ELISA against human DPP-4 (r-DPP-4-his) (C) or
human gpl130-his (D) using pre-immune (left side) and 13
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day test-bleed (right side) sera from five mice (ms9447,
ms9448, ms9449, ms9450 and ms9451) immunized with

human DPP-4-. Day 13 mouse sera specifically binds to
human DPP-4, while no specific binding 1s seen using
pre-immune sera.

FIGS. 3A-B: Detection of human DPP-4 using m3B7/.6
antibody (A) or m5B7.7 (B) as the capture antibody 1n an
immunoassay. A. DPP-4 was added to PBS or in 1% normal
human serum (NHS) using m3B7.6 as the capture antibody
and R11A2.15, R11A9.11, or control antibody R222113
(R&D Systems Catalog No. MABI1180) as the detection
antibody, 1n a sandwich ELISA assay. m3B7.6+4R11A2.15 or
m3B7.64R11A9.11 provided the best sensitivity 1n measur-
ing human DPP-4 in a sandwich ELISA assay. B. DPP-4 was
added to PBS or in 1% normal human serum (NHS) using
m5B7.7 as the capture antibody and R11A2.15, R11A9.11,
or control antibody R222113 (R&D Systems Catalog No.
MABI1180) as the detection antibody, 1n a sandwich ELISA
assay. mS5B7.7+R11A2.15 or m5B7.7+R11A9.11 provided
the best sensitivity 1n measuring human DPP-4 in a sand-

wich ELISA assay. These results, in combination with the
results reported i FIG. 2, demonstrate that antibodies
m3B7.6, m5B7.7, R11A2.15, and R11A9.11 detect both
endogenous and recombinant human DPP4. In addition, the
commercially available antibody (R222113) failed to detect
DPP4 1n these immunoassays, compared to antibodies
m3B7.6, mSB7.7, R11A2.15, and R11A9.11 which detected
DPP-4.

FIGS. 4A-E: Mouse monoclonal antibodies m3B7.6 and
m5B7.7 compete with each other, while the rat monoclonal
antibodies R11A2.15 and R11A9.11 compete with each
other. A. Schematic of the OCTET assay used to determine
relative binding specificities and competition profiles of
m3B7.6, m5B7.7, R11A2.15, and R11A9.11 as shown 1n
FIGS. 4B-E. Brietly, the testing antibody was first bioti-
nylated and then captured on a streptavidin biosensor at
concentration of 20 ug/ml in 200 ul for 5 min. The biosensor
was then washed with 200 ul. of PBS bufler for 1 min, and
then incubated with recombinant human DPP-4 at 10 pg/mL
for 5 min and was washed with 200 ulL of PBS bufler for 1
min. The competitor antibodies were mixed with testing
antibody 1n 1:1 ratio and at a final concentration of 20 pg/ml
cach and loaded onto the biosensor in 200 ul for 5 muin.
Competitor antibodies displaying additional bindings to the
testing antibody were deemed to have different epitopes.
Otherwise they were considered to share the same epitope.
B. OCTET assay results using m3B7.6 (a) as the testing
antibody. m3B7.7 (b) showed the same binding profile as
m3B7.6 (a) while R11A2.15 (¢) and R11A9.11 (d) showed
different binding profiles than m3B7.6 (a). On the basis of
these results, antibodies m3B7.6 and m5B7.7 share the same

or overlapping epitope. C. OCTET assay results using
mS5B7.7 (b) as the testing antibody. m3B7.6 (a) showed the

same binding profile as m5B’7.7 (b), while R11A2.15 (¢) and
R11A9.11 (d) showed diflerent binding profiles than
mS5B7.7 (b). On the basis of these results, antibodies mSB7.7
and m3B7.6 share the same or overlapping epitope. D.
OCTET assay results using R11A2.15 (¢) as the testing
antibody. R11A9.11 (d) showed the same binding profile as
R11A2.15 (c¢), while m3B7.6 (a) and m3B7.7 (b) showed
different binding profiles than R11A2.15 (¢). On the basis of
these results, antibodies R11A2.15 and R11A9.11 share the
same or overlapping epitope E. OCTET assay results using
R11A9.11 (d) as the testing antibody., R11A2.15(c) showed
the same binding profile as R11A9.11 (d), while m3B7/.6 (a)
and m3B7.7 (b) showed different binding profiles than
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R11A9.11 (d). On the basis of these results, antibodies
R11A9.11 and R11A2.15 share the same or overlapping

epitope.

DETAILED DESCRIPTION

The present disclosure provides anti-DPP-4 monoclonal
antibodies, assay kits comprising one or more of these
antibodies, and robust, sensitive, and specific immunoassays
using one or more of these antibodies for the detection and
measurement of DPP-4 levels 1mn samples obtained from
human patients.

In this specification and the appended claims, the singular
forms “a”, “an” and “the” include plural referents unless the
context clearly dictates otherwise. The terms “a” (or “an”),
as well as the terms “one or more,” and “at least one” can
be used interchangeably herein.

Furthermore, “and/or” where used herein 1s to be taken as
specific disclosure of each of the two specified features or
components with or without the other. Thus, the term
“and/or” as used 1n a phrase such as “A and/or B” herein 1s
intended to include “A and B,” “A or B,” “A” (alone), and
“B” (alone). Likewise, the term “and/or” as used 1n a phrase
such as “A, B, and/or C” 1s intended to encompass each of
the following aspects: A, B, and C; A, B, or C; Aor C; Aor
B; Bor C; Aand C; A and B; B and C; A (alone); B (alone);
and C (alone).

Wherever aspects are described herein with the language
“comprising,” otherwise analogous aspects described 1in
terms of “consisting of” and/or “consisting essentially of”
are also provided.

The term “about™ as used in connection with a numerical
value throughout the specification and the claims denotes an
interval of accuracy, familiar and acceptable to a person
skilled in the art. In general, such interval of accuracy 1s
+10%.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure 1s related. For example, the Concise Dictionary of

Biomedicine and Molecular Biology, Juo, Pei-Show, 2nd
ed., 2002, CRC Press; The Dictionary of Cell and Molecular

Biology, 3rd ed., 1999, Academic Press; and the Oxford
Dictionary Of Biochemistry And Molecular Biology,
Revised, 2000, Oxtord University Press, provide one of skill
with a general dictionary of many of the terms used 1n this
disclosure.

Units, prefixes, and symbols are denoted in their Systeme
International de Unites (SI) accepted form. Numeric ranges
are inclusive of the numbers defining the range. Unless
otherwise indicated, amino acid sequences are written left to
right 1n amino to carboxy orientation. The headings provided
herein are not limitations of the various aspects or aspects of
the disclosure, which can be had by reference to the speci-
fication as a whole. Accordingly, the terms defined 1mme-
diately below are more fully defined by reference to the
specification 1n 1ts entirety.

An “1solated” substance, composition, entity, and/or any
combination of substances, compositions, or entities, or any
grammatical variants thereof, e.g., 1solated biological mate-
rial, 1s a substance that 1s not in its natural milieu. No
particular level of purification 1s required. For example, an
isolated antibody 1s an antibody that 1s not produced or
situated 1n 1ts native or natural environment. Recombinantly
produced biological materials are considered isolated as
disclosed herein, as are matenials that are produced 1n a
non-native cell, such as a hybridoma. A substance, e.g.,

10

15

20

25

30

35

40

45

50

55

60

65

12

biological material, 1s also considered “isolated™ 1if it has
been separated, fractionated, or partially or substantially
purified by any suitable technique. In certain aspects, an
1solated substance, e.g., 1solated biological material, can be
“non-naturally occurring.”

As used herein, the term “non-naturally occurring”™ sub-
stance, composition, entity, and/or any combination of sub-
stances, compositions, or entities, or any grammatical vari-
ants thereot, 1s a conditional term that explicitly excludes,
but only excludes, those forms of the substance, composi-
tion, entity, and/or any combination of substances, compo-
sitions, or entities that are well-understood by persons of
ordinary skill 1n the art as being “naturally-occurring,” or
that are, or might be at any time, determined or interpreted
by a judge or an administrative agency such as the United
States Patent and Trademark Office, or judicial body to be,
“naturally-occurring.” For example, the term “a non-natu-
rally occurring antibody explicitly excludes those antibodies
that exist in nature, e.g., an antibody that would naturally be
present 1n the immune system of a mouse exposed to a
normal milieu of antigenic stimulus, or an antibody finally
determined by an administrative body, e.g., the United States
Patent and Trademark Oflice, or a judicial body, e.g., a
tederal court, to be “naturally-occurring.”

“Polynucleotide,” or “nucleic acid,” as used interchange-
ably herein, refer to polymers of nucleotides of any length,
and 1include DNA and RNA. The nucleotides can be deoxy-
ribonucleotides, ribonucleotides, modified nucleotides or
bases, and/or their analogs, or any substrate that can be
incorporated into a polymer by DNA or RNA polymerase. A
polynucleotide can comprise modified nucleotides, such as
methylated nucleotides and their analogs. The preceding
description applies to all polynucleotides referred to herein,
including RNA and DNA.

The term “expression’ as used herein refers to a process
by which a gene produces a biochemical, for example,
transporter molecule provided herein. The process includes
any manifestation of the functional presence of the gene
within the cell including, without limitation, gene knock-
down as well as both transient expression and stable expres-
sion. It includes without limitation transcription of the gene
into one or more mRNAs, and the translation of such
mRNAs into one or more polypeptides. 1T the final product
1s a biochemical, expression includes the creation of that
biochemical and any precursors.

An “expression product” can be either a nucleic acid, e.g.,
a messenger RNA produced by transcription of a gene, or a
polypeptide. Expression products described herein further
include nucleic acids with post transcriptional modifications,
¢.g., polyadenylation, or polypeptides with post translational
modifications, e.g., methylation, glycosylation, the addition
of lipids, association with other protein subunits, proteolytic

cleavage, and the like.

The term “vector’” or “expression vector™ 1s used herein to
mean vectors used as a vehicle for introducing into and
expressing an expression product of interest 1n a host cell. As
known to those skilled 1n the art, such vectors can easily be
selected from the group consisting of plasmids, phages,
viruses and retroviruses. In general, vectors can comprise a
selection marker, appropriate restriction sites to facilitate
cloning of a particular nucleic acid and the ability to enter
and/or replicate 1n eukaryotic or prokaryotic cells. Examples
of vectors include, but are not limited to, viral vectors, naked
DNA or RNA expression vectors, plasmid, cosmid or phage
vectors, DNA or RNA expression vectors associated with




US 10,351,630 B2

13

cationic condensing agents, DNA or RNA expression vec-
tors encapsulated 1n liposomes, and certain eukaryotic cells,
such as producer cells.

The term “host cell” refers to a cell that harbors a vector
constructed using recombinant DNA techniques and encod-
ing at least one expression product. In descriptions of
processes for the 1solation of an expression product from
recombinant hosts, the terms “cell” and “cell culture” are
used interchangeably to denote the source of the expression
product unless 1t 1s clearly specified otherwise, 1.e., recovery
of the expression product from the “cells” means either
recovery from spun down whole cells, or recovery from the
cell culture containing both the medium and the suspended
cells.

The terms “polypeptide,” “peptide,” and “protein” are
used interchangeably herein to refer to polymers of amino
acids of any length. The polymer can be linear or branched,
it can comprise modified amino acids, and non-amino acids
can mterrupt it. The terms also encompass an amino acid
polymer that has been modified naturally or by intervention;
for example, disulfide bond formation, glycosylation, lipi-
dation, acetylation, phosphorylation, or any other manipu-
lation or modification, such as conjugation with a labeling
component. Also included within the definition are, for
example, polypeptides containing one or more analogs of an
amino acid (including, for example, unnatural amino acids,
etc.), as well as other modifications known 1n the art. It 1s
understood that, because the polypeptides of this disclosure
are based upon antibodies, in certain embodiments, the
polypeptides can occur as single chains or associated chains.

The term “DPP-4"" as used herein refers to the dipeptidyl
peptidase 1V protein (EC 3.4.14.5; Uniprot: P27487 (mem-
brane bound form: SEQ ID NO: 5; soluble form SEQ ID
NO: 6) encoded by the DPP-4 gene (cDNA: SEQ ID NO: 7).
DPP-4 1s also known as DPP-IV, adenosine deaminase
complexing protein 2, or CD26 (cluster of differentiation
26). DPP-4 1s related to attractin, FAP, DPP8 and DPP9.
DPP-4 1s a highly conserved multifunctional type II trans-
membrane glycoprotein, which 1s present both 1n circulation
(plasma) and on the surface of several cell types, including
epithelial, endothelial and lymphoid cells. DPP-4 1s part of
the serine protease family that 1s involved in T-cell costimu-
lation, chemokine biology, type II diabetes, and tumor
biology (Zhong et al., Atherosclerosis 2013; 226:305-314).
The endogenous substrates of DPP-4 include a wide varniety
of proline-containing peptides such as growth factors,
chemokines, neuropeptides and vasoactive peptides (Gor-
rell, M., Clin. Sci. 108, 277-292, 2005; Mclntosh, C. H. S.,
et al. Int. J. Biochem. Cell Biol. 38, 860-872, 2006). A role
for DPP-4 1n inflammatory respiratory diseases like asthma
1s suggested by Giovannini-Chami (Giovannini-Chami et
al., European Respiratory Journal. 2012 May; 39(5):1197-
2035), who found elevated DPP-4 transcripts (and other Th2
signature genes) 1n the nasal epithelia of children with dust
mite allergic rhinitis, associated with uncontrolled asthma.
The term DPP-4 also includes fragments, variants (e.g., the
KI1R, V71, S4371, T5571, D663E variants known 1n the arts),
and derivatives thereof (e.g., glycosylated or aglycosylated
protein forms of the DPP-4 protein, or otherwise chemically
modified forms of the protein).

The term “level” or “amount”, e.g., as in “DPP-4 level” or
“amount of DPP-4” refers to a measurement that 1s made
using an analytical method for detecting presence or expres-
sion of DPP-4 (protein expression) n a biological sample
and that indicates the presence, absence, absolute amount or
concentration, relative amount or concentration, titer,
expression level, ratio of measured levels, or the like, of, for,
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or corresponding to DPP-4 1n the biological sample. The
exact nature of the “value” or “level” depends on the specific
designs and components of the particular analytical method
employed to detect DPP-4 (e.g., immunoassays as provided
herein). See, e.g., U.S. 2010/00221732.

As used herein with reference to DPP-4, the terms
“elevated DPP-4,” “high DPP-4,” “elevated DPP-4 level,”
or “high DPP-4 level” refer to a level 1n a biological sample
(e.g., blood serum) that 1s higher than a normal level or
range. The normal level or range for DPP-4 1s defined in
accordance with standard practice. Thus, the level measured
in a particular biological sample can be compared with level
or range of levels determined 1n similar normal samples. The
level of DPP-4 1s said to be elevated where the DPP-4 1s
present in the test sample at a higher level or range than in
a normal sample.

As used herein, the term “antibody” (or a fragment,
variant, or dertvative thereol) refers to at least the minimal
portion ol an antibody which 1s capable of binding to
antigen, ¢.g., at least the variable domain of a heavy chain
(VH) and the variable domain of a light chain (VL) in the
context of a typical antibody produced by a B cell. Basic
antibody structures in vertebrate systems are relatively well
understood. See, e.g., Harlow et al., Antibodies: A Labora-
tory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed.
1988). Unless otherwise noted, an antibody “fragment,”
“variant,” or “derivative” refers to an antigen-binding “frag-
ment,” “variant,” or “derivative.”

The terms “fragment,” “varnant,” “derivative” and “ana-
log” when referring to an antibody as disclosed herein can
include any antibody that retains at least some of the activity,
¢.g., antigen-binding activity, of the reference antibody, but
which 1s structurally different. Fragments of antibodies
include, for example, e.g., Fab, Fab' and F(ab')2, Fd, Fvs,
single-chain Fvs (scFv), single-chain antibodies, disulfide-
linked Fvs (sdFv), fragments. Variants include fragments as
described above, and also antibodies with altered amino acid
sequences, €.g., in the variable domains, due to amino acid
substitutions, deletions, or insertions. Variants can occur
spontaneously or be intentionally constructed. Intentionally
constructed variants can be produced using art-known muta-
genesis techniques. Variant antibodies can comprise conser-
vative or non-conservative amino acid substitutions, dele-
tions or additions. The variations are limited only by the
constraint that the antibody maintain a function of the
reference antibody, e.g., binding to the same epitope as the
reference antibody, or competitively inhibiting the reference
antibody. Derivatives are antibodies that have been altered
so as to exhibit additional features not found on the native
antibody. Examples include fusion proteins comprising an
antigen-binding domain of the antibody, or conjugated anti-
bodies. A “derivative” antibody can also comprise one or
more amino acids chemically derivatized by reaction of a
functional side group. Also included as “derivatives™ are
those antibodies that contain one or more standard or
synthetic amino acid derivatives of the twenty standard
amino acids. For example, 4-hydroxyproline can be substi-
tuted for proline; 5-hydroxylysine can be substituted for
lysine; 3-methylhistidine can be substituted for histidine;
homoserine can be substituted for serine; and ornithine can
be substituted for lysine.

Both the light and heavy chains are divided into regions
of structural and functional homology. The terms *“constant™
and “variable” are used functionally. In this regard, 1t will be
appreciated that the variable domains of both the light (VL)
and heavy (VH) chain portions determine antigen recogni-
tion and specificity. Conversely, the constant domains of the
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light chain (CL) and the heavy chain (CHI1, CH2 or CH3)
confer important biological properties such as secretion,
transplacental mobility, Fc¢ receptor binding, complement
binding, and the like.

As indicated above, the variable region allows the binding
molecule to selectively recognize and specifically bind
epitopes on antigens. That 1s, the VL domain and VH
domain, or a subset ol the complementarity determining
regions (CDRs), of an antibody combine to form the variable
region that defines a three-dimensional antigen-binding site.
This quaternary binding molecule structure forms the anti-
gen-binding site present at the end of each arm of the Y.
More specifically, the antigen-binding site 1s defined by
three CDRs on each of the VH and VL chains.

In antibodies, the six “complementarity determining
regions’” or “CDRs” present 1n each antigen-binding domain
are short, non-contiguous sequences of amino acids that are
specifically positioned to form the antigen-binding domain
as the antibody assumes 1ts three dimensional configuration
in an aqueous environment. The remainder of the amino
acids 1n the antigen-binding domains, referred to as “frame-
work™ regions, show less inter-molecular variability. The
framework regions largely adopt a 3-sheet conformation and
the CDRs form loops which connect, and 1n some cases form
part of, the [3-sheet structure. Thus, framework regions act to
form a scaflold that provides for positioning the CDRs 1n
correct orientation by inter-chain, non-covalent interactions.
The antigen-binding domain formed by the positioned
CDRs defines a surface complementary to the epitope on the
immunoreactive antigen. This complementary surface pro-
motes the non-covalent binding of the antibody to 1ts cog-
nate epitope. The amino acids comprising the CDRs and the
framework regions, respectively, can be readily identified
for any given heavy or light chain variable region by one of
ordinary skill in the art, since they have been precisely
defined (see, “Sequences of Proteins of Immunological
Interest,” Kabat, E., et al., U.S. Department of Health and
Human Services, (1983); and Chothia and Lesk, J. Mol.
Biol., 196:901-917 (1987), which are incorporated herein by
reference 1n their entireties).

In the cases where there are two or more definitions of a
term that 1s used and/or accepted within the art, the defini-
tion of the term as used herein 1s intended to include all such
meanings unless explicitly stated to the contrary. A specific
example 1s the use of the term “complementarity determin-
ing region” (“CDR”) to describe the non-contiguous antigen
combining sites found within the variable region of both
heavy and light chain polypeptides. This particular region
has been described by Kabat et al., U.S. Dept. of Health and
Human Services, “Sequences of Proteins of Immunological
Interest” (1983) and by Chothia et al., J. Mol. Biol. 196:
901-917 (1987), which are incorporated herein by reference,
where the definitions include overlapping or subsets of
amino acid residues when compared against each other.
Nevertheless, application of either definition to refer to a
CDR of an antibody or varnants thereof 1s intended to be
within the scope of the term as defined and used herein.

Antibodies or antigen-binding fragments, variants, or
derivatives thereof include, but are not limited to, poly-
clonal, monoclonal, human, humanized, or chimeric anti-
bodies, single chain antibodies, epitope-binding fragments,
¢.g., Fab, Fab' and F(ab')2, Fd, Fvs, single-chain Fvs (scFv),
single-chain antibodies, disulfide-linked Fvs (sdFv), frag-
ments comprising either a VL or VH domain, fragments
produced by a Fab expression library. ScFv molecules are
known 1n the art and are described, e.g., in U.S. Pat. No.
5,892,019, Immunoglobulin or antibody molecules encom-
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passed by this disclosure can be of any type (e.g., 1gG, IgE,
IeM, IgD, IgA, and IgY), class (e.g., 1gGl, 1gG2, IgG3,
IgG4, IgAl and IgA2) or subclass of immunoglobulin
molecule.

By “specifically binds,” 1t 1s generally meant that an
antibody or fragment, variant, or derivative thereof binds to
an epitope via its antigen-binding domain, and that the
binding entails some complementarity between the antigen-
binding domain and the epitope. According to this definition,
an antibody 1s said to “specifically bind” to an epitope when
it binds to that epitope via its antigen-binding domain more
readily than i1t would bind to a random, unrelated epitope.

An antibody or fragment, variant, or derivative thereof 1s
said to competitively mhibit binding of a reference antibody
or antigen-binding fragment to a given epitope 1f 1t prefer-
entially binds to that epitope to the extent that it blocks, to
some degree, binding of the reference antibody or antigen-
binding fragment to the epitope. Competitive inhibition can
be determined by any method known 1n the art, for example,
competition ELISA assays. A binding molecule can be said
to competitively inhibit binding of the reference antibody or
antigen-binding fragment to a given epitope by at least 90%,

at least 80%, at least 70%, at least 60%, or at least 50%.

Antibodies or antigen-binding fragments, variants, or
derivatives thereol disclosed herein can be described or
specified 1n terms of the epitope(s) or portion(s) of an
antigen, €.g., a target polysaccharnide that they recognize or
specifically bind. For example, the portion of human DPP-4
that specifically interacts with the antigen-binding domain of
an antibody provided 1n this disclosure i1s an “epitope.”

As used herein, the term “IL-13-mediated disease or
disorder” refers to any pathology caused by (alone or in
association with other mediators), exacerbated by, associ-
ated with, or prolonged by abnormal levels of 1L-13 1n the
subject having the disorder. Non-limiting examples of
IL.-13-mediated diseases or disorders include asthma, 1dio-
pathic pulmonary fibrosis (IPF), chronic obstructive pulmo-
nary disease (COPD), ulcerative colitis (UC), atopic derma-
titis (AD), allergic rhinitis, or chronic rhinosinusitis.

As used herein, the term “pulmonary disease or disorder™
refers to any pathology aflecting at least in part the lungs or
respiratory system. Non-limiting examples include asthma,
atopic asthma, corticosteroid naive asthma, chronic asthma,
corticosteroid resistant asthma, corticosteroid refractory
asthma, asthma due to smoking, asthma uncontrolled on
corticosteroids, IPF, COPD, allergic rhinitis, or chronic
rhinosinusitis. In certain aspects, the pulmonary disease or
disorder 1s I1L-13-mediated.

As used herein, the term “chronic inflammatory skin
disease or disorder” refers to any pathology aflecting at least
in part the skin. Non-limiting examples include atopic
dermatitis, skin fibrosis, allergic contact dermatitis, eczema
or psoriasis. In certain aspects, the chronic iflammatory
skin disease or disorder 1s I1L-13-mediated.

The term “asthma” refers to diseases that present as
reversible airflow obstruction and/or bronchial hyper-re-
sponsiveness 1n some mstances 1s associated with underly-
ing inflammation. Examples of asthma include allergic
asthma, atopic asthma, corticosteroid naive asthma, chronic
asthma, corticosteroid resistant asthma, corticosteroid
refractory asthma, asthma due to smoking, asthma uncon-
trolled on corticosteroids and other asthmas as mentioned,
c.g., n the Expert Panel Report 3: Guidelines for the
Diagnosis and Management of Asthma, National Asthma
Education and Prevention Program (2007) (“NAEPP Guide-

lines™), icorporated herein by reference in its entirety.
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The term “COPD” as used herein refers to chronic
obstructive pulmonary disease. The term “COPD” includes
two main conditions: emphysema and chronic obstructive
bronchitis.

The term “Idiopathic Pulmonary Fibrosis” (IPF) refers to
a disease characterized by progressive scarring, or fibrosis,
of the lungs. It 1s a specific type of interstitial lung disease
in which the alveoli gradually become replaced by fibrotic
tissue. With IPF, progressive scarring causes the normally
thin and pliable tissue to thicken and become stifl, making,
it more diflicult for the lungs to expand, preventing oxygen
from readily getting into the bloodstream. See, e.g., Am. .
Respir. Crit. Care Med. 2000. 161:646-664.

The term “Ulcerative colitis” (UC) refers to an intlam-
matory disorder of the gastrointestinal (GI) tract that atlects
the colorectum which includes characteristic ulcers, or open
sores. UC 1s an intermittent disease, with periods of exac-
erbated symptoms, and periods that are relatively symptom-
free. Symptom of active disease include constant diarrhea
mixed with blood that persists for an extended period
(weeks), weight loss, chronic loss of blood from the GI tract,
anemia, abdominal pain, and mild discomfort to painful
bowel movements or painful abdominal cramping with
bowel movements. See, e.g., Danese, et al. N Engl J Med.
2011 365(18):1713-25.

As used herein, the term “atopic dermatitis™ refers to a
chronic inflammatory, relapsing, non-contagious and itchy
skin disorder that 1s often associated with other atopic
disorders such as allergic rhimitis and asthma (Bieber, New
England Journal of Medicine, 2008, 358: 1483-1494). The
term “atopic dermatitis” 1s equivalent to “neurodermatitis™,
“atopic eczema” or “endogenous eczema”. Particular forms
ol atopic dermatitis, which get their names from the place
where they occur or from their appearance or from the stress
factors which provoke them, are, according to the present
disclosure also comprised by the term “atopic dermatitis”.
These include, but are not limited to, eczema flexurarum,
eczema mulluscatum, eczema verrucatum, eczema vaccina-
tum, eczema dyskoides, dyshydrotic eczema, microbial
eczema, nummular eczema, seborrhobic eczema and other
forms of eczema; perioral dermatitis and periorbital derma-
titis. As used herein, the term atopic dermatitis also com-
prises the frequently occurring bacterial secondary infec-
tions such as those due to e.g. Staphylococcus aureus
infections, pyodermas such as impetigo contagiosa and 1ts
derivatives as well as the follicularis barbae or viral sec-
ondary infections. IL-13 1s mnvolved 1n the pathogenesis of

the disease and 1s an important in vivo inducer. See, e.g., Oh
et al., J. Immunol. 186:7232-42 (2011); Tazawa et al., Arch.

Dermatol. Res. 2935:459-464 (2004); Metwally et al. Egypt
J. Immunol. 11:171-7 (2004).

The terms “subject” or “patient” as used herein refer to
any subject, particularly a mammalian subject, including any
human or nonhuman animal. The term “nonhuman animal”
includes all vertebrates, e.g., mammals and non-mammals,
such as nonhuman primates, sheep, dogs, cats, horses, cows,
bears, chickens, amphibians, reptiles, etc.

In some aspects of the present disclosure, a subject 1s a
naive subject. A naive subject 1s a subject that has not been
administered a therapy, for example a therapeutic agent. In
some aspects, a naive subject has not been treated with a
therapeutic agent prior to being diagnosed as having an
IL-13-mediated disease or disorder, for example, asthma,
IFP, COPD, AD, or UC. In another aspect, a subject has
received therapy and/or one or more doses of a therapeutic
agent (e.g., a therapeutic agent capable of modulating an
inflammatory response associated with an IL-13-mediated
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disease or disorder, a pulmonary disease or disorder, a
chronic inflammatory skin disease or disorder or an inflam-
matory bowel disease or disorder) prior to being diagnosed
as having an IL-13-mediated disease or disorder.

As used herein, the term “IL-13 antagonist” refers to any
agent, which can aflect the expression, activity, or half-life
of IL-13 either in vitro or 1n vivo, or symptoms, pathology,
or sequelae caused by or exacerbated by IL-13 1n a subject
with an IL-13-mediated disease or disorder. An IL-13
antagonist can be any “therapeutic agent” as defined below,
which etther directly or indirectly can inhibit, lessen, or
neutralize IL-13 activity, inhibit or reduce I1L.-13 expression,
reduce IL.-13 hali-life, or can prevent exacerbation of symp-
toms due to IL-13. In certain aspects, an IL.-13 antagonist 1s
an anti-1L-13 monoclonal antibody, e.g., tralokinumab (SEQ)
ID NOs 3 and 4), or other anti-1L.-13 monoclonal antibodies
described 1n U.S. Pat. Appl. Publ. No. 2012-0052060, pub-
lished Mar. 1, 2012, herein incorporated by reference in 1ts
entirety. In other aspects, the IL-13 antagonists include,

without limitation: (a) an anti-human-IL-13 antibody, for
example, Lebrikizumab (SEQ ID NOs 1 and 2)

(MILR1444A/RG3637, Roche/Genentech), ABT-308 (Ab-
bott), GSK679586 (GlaxoSmithKline) or QAX576 (Novar-
t1s); (b) an anti-human-IL-13Ral antibody, for example,
Merck MK6105; (¢) an IL-13-toxin conjugate such as I11.-13-
PE38QQR (NeoPharm, Inc.); (d) an IL-4 mutein Aerovant™
(Aerovance, Inc.); (e) an anti-IL-4Rca. antibody such as
dupilumab/REGN668 (Regeneron); (1) a double-stranded
oligonucleotide directed against IL-4Ra such as AIR645
(Is1s); or (g) an IL-4/IL-13 bispecific antibody such as
GSK2434735 (Glaxo SmithKline).

The term “therapeutic agent” as used herein refers to any
therapeutically active substance that 1s administered to a
subject to produce a desired, usually beneficial, effect. The
term therapeutic agent includes, e.g., classical low molecular
welght therapeutic agents commonly referred to as small
molecule drugs and biologics including but not limited to:
antibodies or active fragments thereof, peptides, lipids,
protein drugs, protein conjugate drugs, enzymes, oligonucle-
otides, ribozymes, genetic material, prions, virus, bacteria,
and eukaryotic cells. A therapeutic agent can also be a
pro-drug, which metabolizes into the desired therapeutically
active substance when administered to a subject. In some
aspects, the therapeutic agent 1s a prophylactic agent. In
addition, a therapeutic agent can be pharmaceutically for-
mulated. A therapeutic agent can also be a radioactive
1sotope or agent activated by some other form of energy such
as light or ultrasonic energy, or by other circulating mol-
ecules that can be systemically administered.

The term “sample” as used herein includes any biological
fluid or 1ssue, such as whole blood, serum, muscle, saliva
obtained from a subject. Samples include any biological
fluid or tissue, such as whole blood, serum, muscle, saliva,
urine, synovial tfluid, bone marrow, cerebrospinal fluid, nasal
secretions, sputum, amniotic fluid, bronchoalveolar lavage
fluid, lung tissue, peripheral blood mononuclear cells, total
white blood cells, lymph node cells, spleen cells, tonsil cells,
or skin. In some specific aspects, that sample 1s blood or a
fraction thereof, muscle, skin, or a combination thereof.
Samples can be obtained by any means known 1n the art.

In order to apply the methods and systems of the disclo-
sure, samples from a patient can be obtained at any time. In
some cases, successive samples can be obtained from the
patient after therapy has commenced or after therapy has
ceased. Samples can, for example, be requested by a health-
care provider (e.g., a doctor) or healthcare benefits provider,
obtained and/or processed by the same or a different health-
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care provider (e.g., a nurse, a hospital) or a clinical labora-
tory, and after processing, the results can be forwarded to yet
another healthcare provider, healthcare benefits provider or
the patient. Similarly, the measuring/determination of one or
more scores, comparisons between scores, evaluation of the
scores and treatment decisions can be performed by one or
more healthcare providers, healthcare benefits providers,
and/or clinical laboratories.

As used herein, the term “healthcare provider” refers to
individuals or institutions that directly interact and admin-
ister to living subjects, e.g., human patients. Non-limiting
examples of healthcare providers include doctors, nurses,
technicians, therapist, pharmacists, counselors, alternative
medicine practitioners, medical facilities, doctor’s offices,
hospitals, emergency rooms, clinics, urgent care centers,
alternative medicine clinics/facilities, and any other entity
providing general and/or specialized treatment, assessment,
maintenance, therapy, medication, and/or advice relating to
all, or any portion of, a patient’s state of health, including but
not limited to general medical, specialized medical, surgical,
and/or any other type of treatment, assessment, mainte-
nance, therapy, medication and/or advice.

As used herein, the term *““clinical laboratory™ refers to a
facility for the examination or processing of materials
derived from a living subject, e.g., a human being. Non-
limiting examples of processing include biological, bio-
chemical, serological, chemical, 1mmunohematological,
hematological, biophysical, cytological, pathological,
genetic, or other examination of materials derived from the
human body for the purpose of providing information, e.g.,
for the diagnosis, prevention, or treatment of any disease or
impairment of, or the assessment of the health of living
subjects, e.g., human beings. These examinations can also
include procedures to collect or otherwise obtain a sample,
prepare, determine, measure, or otherwise describe the pres-
ence or absence of various substances 1n the body of a living
subject, e.g., a human being, or a sample obtained from the
body of a living subject, e.g., a human being.

As used herein, the term “healthcare benefits provider”
encompasses individual parties, organizations, or groups
providing, presenting, offering, paying for in whole or in
part, or being otherwise associated with giving a patient
access to one or more healthcare benefits, benefit plans,
health insurance, and/or healthcare expense account pro-
grams.

In some aspects, a healthcare provider can administer or
instruct another healthcare provider to administer or use any
of the immunoassays or kits disclosed herein to measure
DPP-4. A healthcare provider can implement or instruct
another healthcare provider or patient to perform the fol-
lowing actions: obtain a sample, process a sample, submit a
sample, recerve a sample, transfer a sample, analyze or
measure a sample, quantity a sample, provide the results
obtained after analyzing/measuring/quantifying a sample,
receive the results obtained after analyzing/measuring/quan-
tifying a sample, compare/score the results obtained after
analyzing/measuring/quantifying one or more samples, pro-
vide the comparison/score from one or more samples, obtain
the comparison/score from one or more samples, administer
a therapy (e.g., a therapeutic agent that treats an IL-13-
mediated disease or disorder such as asthma, IPF, COPD,
AD, or UC), commence the administration of a therapy,
cease the administration of a therapy, continue the admin-
istration of a therapy, temporarily interrupt the administra-
tion of a therapy, increase the amount of an administered
therapeutic agent, decrease the amount of an administered
therapeutic agent, continue the administration of an amount
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of a therapeutic agent, increase the frequency ol adminis-
tration of a therapeutic agent, decrease the frequency of
administration of a therapeutic agent, maintain the same
dosing frequency on a therapeutic agent, replace a therapy or
therapeutic agent by at least another therapy or therapeutic
agent, combine a therapy or therapeutic agent with at least
another therapy or additional therapeutic agent.

In some aspects, a healthcare benefits provider can autho-
rize or deny, for example, collection of a sample, processing
of a sample, submission of a sample, receipt of a sample,
transier of a sample, analysis or measurement a sample,
quantification a sample, provision of results obtained after
analyzing/measuring/quantifying a sample, transfer of
results obtained after analyzing/measuring/quantifying a
sample, comparison/scoring of results obtained after ana-
lyzing/measuring/quantifying one or more samples, transier
of the comparison/score from one or more samples, admin-
istration of a therapy or therapeutic agent, commencement of
the admimistration of a therapy or therapeutic agent, cessa-
tion of the administration of a therapy or therapeutic agent,
continuation of the administration of a therapy or therapeutic
agent, temporary interruption of the administration of a
therapy or therapeutic agent, increase of the amount of
administered therapeutic agent, decrease of the amount of
administered therapeutic agent, continuation of the admin-
1stration ol an amount of a therapeutic agent, increase in the
frequency of administration of a therapeutic agent, decrease
in the frequency of administration of a therapeutic agent,
maintain the same dosing frequency on a therapeutic agent,
replace a therapy or therapeutic agent by at least another
therapy or therapeutic agent, or combine a therapy or
therapeutic agent with at least another therapy or additional
therapeutic agent.

In addition a healthcare benefits provides can, e.g., autho-
rize or deny the prescription of a therapy, authorize or deny
coverage for therapy, authorize or deny retmbursement for
the cost of therapy, determine or deny eligibility for therapy,
etc.

In some aspects, a clinical laboratory can, for example,
collect or obtain a sample, process a sample, submit a
sample, receive a sample, transfer a sample, analyze or
measure a sample, quantity a sample, provide the results
obtained after analyzing/measuring/quantifying a sample,
receive the results obtained after analyzing/measuring/quan-
tifying a sample, compare/score the results obtained after
analyzing/measuring/quantiiying one or more samples, pro-
vide the comparison/score from one or more samples, obtain

the comparison/score from one or more samples, or other
related activities.
DPP-4 as a Biomarker

Elevated DPP-4 levels have been observed in asthma,
COPD and AD patients (see, e.g., U.S. Provisional Appli-
cation No. 61/931,878, filed Jan. 27, 2014; and U.S. Provi-
sional Application No. 61/990,932, filed May 9, 2014, each
incorporated herein by reference 1n 1ts entirety). In addition,
in a phase 2B clinical study of asthma patients, high serum
DPP-4 levels predicted improved response rates 1n patients
treated with an IL-13 antibody antagonist (tralokinumab)
identifying DPP-4 as a predictive biomarker for IL-13-
mediated disease or disorders including an IL-13-mediated
pulmonary disease or disorder (e.g., asthma, IPF or COPD)
or an IL-13-mediated chronic inflammatory skin disease or
disorder (e.g., atopic dermatitis). See Brightling et al., Am J

Respir Crit Care Med 189:A6670 (2014); and U.S. Provi-
sional Application No. 61/931,878, filed Jan. 27, 2014; and
U.S. Provisional Application No. 61/990,932, filed May 9,

2014, each incorporated herein by reference in 1ts entirety.
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Accordingly, an elevated DPP-4 level in patients with
asthma, IPF, COPD, AD and UC, as well as other inflam-

matory diseases, pulmonary diseases or disorders, or chronic
inflammatory skin diseases or disorders can be used to
identify those patients who can benefit from particular
therapies, including, but not limited to, therapies that neu-

tralize I1L-13 activity. Ant1-DPP-4 antibodies and immuno-
assays and kits using the anti-DPP4 antibodies disclosed
herein useful to measure DPP-4 levels in patients are pro-

vided.
Anti-DPP-4 Antibodies

This disclosure provides 1solated anti-DPP-4 antibodies
and antigen-binding fragments thereof. In certain aspects,
the anti-DPP-4 antibodies and antigen-binding fragments
provided herein can bind to human DPP-4.

The disclosure provides, 1n particular, two mouse mono-
clonal antibodies and two rat monoclonal antibodies that
bind to human DPP-4. These antibodies were produced by
standard hybridoma technology, and the hybridomas pro-
ducing these antibodies have been deposited under the
Budapest Treaty at the American Type Culture Collection,
Manassas, Va. on Jan. 8, 2015. The mouse anti-DPP-4
antibodies are referred to herein as m3B7.6 and m5B7.7, and
the rat anti-DPP-4 antibodies are referred to herein as
R11A2.15, and R11A9.11. Also provided are antigen-bind-
ing fragments, variants, and/or derivatives of these antibod-
1es. Also provided are antibodies that are related to these
antibodies 1n that they bind to the same epitope, or they are
capable of competitively inhibiting one or more of m3B7.6,
m3B7.7, R11A2.15, and R11A9.11. Mouse monoclonal
antibody m3B7.6 1s produced from a hybridoma deposited at
the American Type Culture Collection, Manassas, Va. (the
ATCC) under Deposit No. PTA-121870, mouse monoclonal
antibody m5B7.7 1s produced from a hybridoma deposited at
the ATCC under Deposit No PTA-121871, rat monoclonal
antibody R11A2.15 1s produced from a hybridoma deposited
at the ATCC under Deposit No PTA-121872, and rat mono-
clonal antibody R11A9.11 1s produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121873.

In certain aspects, an 1solated antibody or antigen-binding,
fragment, variant, or derivative thereof 1s provided, where
the antibody binds to the same DPP-4 epitope as mouse
monoclonal antibody m3B7.6 produced from a hybridoma
deposited at the American Type Culture Collection (ATCC)
under Deposit No. PTA-121870, mouse monoclonal anti-
body m5B7.7 produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121871, rat monoclonal
antibody R11A2.15 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121872, and/or rat mono-
clonal antibody R11A9.11 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121873.

In certain aspects, an 1solated antibody or antigen-binding,
fragment, variant, or derivative thereof 1s provided, where
the antibody competitively inhibits binding of mouse mono-
clonal antibody m3B’/.6 produced from a hybridoma depos-
ited at the American Type Culture Collection (ATCC) under
Deposit No. PTA-121870, mouse monoclonal antibody
m5B7.7 produced from a hybridoma deposited at the ATCC
under Deposit No. PTA-121871, rat monoclonal antibody
R11A2.15 produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872, and/or rat monoclo-
nal antibody R11A9.11 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121873 to DPP-4,
¢.g., human DPP-4. For example, monoclonal antibodies
m3B7.6 and m5B7.7 are capable of competitively inhibiting
cach other for binding to human DPP-4, and monoclonal
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antibodies R11A9.11 and R11A2.15 are capable of competi-
tively mhibiting each other for binding to human DPP-4.
In certain aspects, an 1solated anti-DPP-4 antibody or
fragment, variant, or derivative thereof 1s provided, where
the antibody comprises a heavy chain vanable domain (VH)

with three heavy chain complementarity determimng
regions (CDRs) VHCDRI1, VHCDR2 and VHCDR3, and a

light chain variable domain (VL) with three light chain
CDRs VLCDRI1, VLCDR2, and VLCDR3, where the CDRs

of the 1solated antibody, or fragment, variant, or derivative
thereol are identical to the CDRs of mouse monoclonal
antibody m3B7.6 produced from a hybridoma deposited at
the American Type Culture Collection (ATCC) under
Deposit No. PTA-121870, mouse monoclonal antibody
mS5B7.7 produced from a hybridoma deposited at the ATCC
under Deposit No. PTA-121871, rat monoclonal antibody
R11A2.15 produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872, and/or rat monoclo-
nal antibody R11A9.11 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121873.

In certain aspects, an 1solated anti-DPP-4 antibody or
fragment, variant, or derivative thereof 1s provided, where
the antibody comprises a VH and a VL 1dentical to the VH
and VL of mouse monoclonal antibody m3B7.6 produced
from a hybridoma deposited at the American Type Culture
Collection (ATCC) under Deposit No. PTA-121870, mouse
monoclonal antibody m5B7.7 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121871, rat
monoclonal antibody R11A2.15 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121872,
and/or rat monoclonal antibody R11A9.11 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873.

A person of ordinary skill in the art, upon obtaining one
or more of the antibodies from one or more of the deposited
hybridomas can isolate, clone, and sequence the expressed
antibodies to determine the VH, VL, and CDR regions,
without undue experimentation.

In certain aspects, a hybridoma 1s provided, where the
hybridoma comprises the hybridoma deposited at the Ameri-
can Type Culture Collection (ATCC) under Deposit No.
121870, the hybridoma deposited at the ATCC under
Deposit No. 121871, the hybridoma deposited at the ATCC
under Deposit No. 121872, the hybridoma deposited at the
ATCC under Deposit No. 121873, or a combination thereof.

In certain aspects, an antibody-producing cell culture 1s
provided, where the cell culture can be used to express an
ant1-DPP-4 antibody or fragment, variant, or derivative
thereol as provided herein. In certain aspects, the cell culture
comprises a hybridoma deposited at the American Type
Culture Collection (ATCC) under Deposit No. 121870, a
hybridoma deposited at the ATCC under Deposit No.
121871, a hybridoma deposited at the ATCC under Deposit
No. 121872, a hybridoma deposited at the ATCC under
Deposit No. 121873, or a combination thereof.

Any anti-DPP-4 antibody or fragments, variants or
derivatives thereol provided by this disclosure can further
include additional polypeptides, e.g., a signal peptide to
direct secretion. Additionally, anti-DPP-4 antibody or frag-
ments, variants or derivatives thereol provided by this
disclosure can be, for example, fusion polypeptides, Fab
fragments, scEFvs, or other denivatives, as described herein.

In certain aspects, an anti-DPP-4 antibody, or fragment,
variant, or dertvative thereof provided by this disclosure can
be part of a fusion protein, that 1s, the antibody or antigen-
binding fragment thereof can be fused to a heterologous
polypeptide. The term “heterologous polypeptide” as used
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herein means that the polypeptide 1s derived from a distinct
entity from the anti-DPP-4 antibody, or fragment, variant, or
derivative thereof. In a non-limiting example, a “heterolo-

gous polypeptide” to be fused to an antibody or an antigen-
binding fragment, vanant, or denivative thereol can be
derived from a non-immunoglobulin polypeptide of the
same species, or an immunoglobulin or non-immunoglobu-
lin heterologous polypeptide. In some aspects, the heterolo-
gous polypeptide can be, for example, a stabilizing poly-
peptide, a tag, a label, or a combination thereof.

In certain aspects, an anti-DPP-4 antibody or fragment,
variant or dertvative thereof provided by this disclosure can
comprise a heterologous amino acid sequence or one or
more other moieties not normally associated with an anti-
body (e.g., a peptide, a protein, an enzyme, a lipid, a
heterologous antibody, or fragment, variant, or derivative
thereol, a detectable label, polyethylene glycol (PEG), or a
combination of two or more of any said agents). In further
aspects, an anti-DPP-4 antibody or fragment, variant or
derivative thereol provided by this disclosure can comprise
a detectable label selected from the group consisting of an
enzyme, a fluorescent label, a chemiluminescent label, a
bioluminescent label, a radioactive label, or a combination
of two or more of any said detectable labels. In certain
aspects, the detectable label 1s biotin, which can interact
with streptavidin conjugated, ¢.g., to an enzyme, €.g., horse-
radish peroxidase (HRP). In certain aspects, the detectable
label 1s a ruthenium chelate, which can emit light upon
exposure to electrical current. Other detectable labels are
well-known to those of ordinary skill in the art.

Also provided herein 1s a composition comprising one or
more of the anti-DPP-4 antibodies or fragments thereof as
noted above. In certain aspects, a composition includes a
“capture” antibody and a “detection” antibody, as described
clsewhere herein. Compositions as provided herein can
include without limitation buflers, carriers, and preserva-
tives. Preservatives, stabilizers, buflers, antioxidants and/or
other additives can include buflers such as phosphate, cit-
rate, and other organic acids; antioxidants, such as ascorbic
acid and methionine; preservatives such as octadecyldim-
cthylbenzyl ammonium chlonde; hexamethonium chloride;
benzalkonium chloride; benzethonmium chloride; phenol,
butyl or benzyl alcohol; alkyl parabens, such as methyl or
propyl paraben; catechol; resorcinol; cyclohexanol; 3'-pen-
tanol; and m-cresol; low molecular weight polypeptides;
proteins, such as serum albumin, gelatin, or immunoglobu-
lins; hydrophilic polymers, such as polyvinylpyrrolidone;
amino acids, such as glycine, glutamine, asparagine, histi-
dine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose, or
dextrins; chelating agents, such as EDTA; sugars, such as
sucrose, mannitol, trehalose, or sorbitol; salt-forming coun-
ter-ions, such as sodium; metal complexes (e.g. Zn-protein
complexes); and/or non-ionic surfactants, such as
TWEEN™, PLURONIC™, or polyethylene glycol (PEG).
Compositions as provided herein can be mixed 1n a single
vial or receptacle, or can be provided 1n two or more vials
or receptacles, or as part of a kit, as described elsewhere
herein.

Polynucleotides

This disclosure provides polynucleotides encoding any
ant1-DPP-4 antibody or a subunit (e.g., the heavy chain or
the light chain), fragment, variant, or derivative thereof
provided herein. In certain aspects an 1solated polynucle-
otide or a polynucleotide composition comprising two or
more polynucleotides 1s provided, which singly or collec-
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tively encodes an anti-DPP-4 antibody or a subunit (e.g., the
heavy chain or the light chain), fragment, variant, or deriva-
tive thereol provided herein.

In certain aspects, this disclosure provides an isolated
polynucleotide comprising a nucleic acid that encodes an
ant1-DPP-4 antibody or a subunit (e.g., the heavy chain or
the light chain), fragment, variant, or derivative thereof,
where the antibody comprises a heavy chain variable
domain (VH) with three heavy chain complementarity deter-
mining regions (CDRs) VHCDRI1, VHCDR2 and VHCDR3,
and a light chain variable domain (VL) with three light chain
CDRs VLCDRI1, VLCDR2, and VLCDR3, where the CDRs
of the 1solated antibody, or fragment, variant, or derivative
thereol are identical to the CDRs of mouse monoclonal
antibody m3B7.6 produced from a hybridoma deposited at
the American Type Culture Collection (ATCC) under
Deposit No. PTA-121870, mouse monoclonal antibody
m5B7.7 produced from a hybridoma deposited at the ATCC
under Deposit No. PTA-121871, rat monoclonal antibody
R11A2.15 produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872, and/or rat monoclo-
nal antibody R11A9.11 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121873.

The disclosure also provides an 1solated polynucleotide
comprising a nucleic acid that encodes an anti-DPP-4 anti-
body or a subunit (e.g., the heavy chain or the light chain),
fragment, variant, or derivative thereof, where the antibody
comprises a VH and a VL identical to the VH and VL of
mouse monoclonal antibody m3B7.6 produced from a
hybridoma deposited at the American Type Culture Collec-
tion (ATCC) under Deposit No. PTA-121870, mouse mono-
clonal antibody m5B7.7 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121871, rat

monoclonal antibody R11A2.15 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121872,

and/or rat monoclonal antibody R11A9.11 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873.

The disclosure further provides a composition comprising,
two or more polynucleotides that singly or collectively
encodes an anti-DPP-4 antibody or a subunit (e.g., the heavy
chain or the light chain), fragment, vanant, or derivative
thereof provided herein.

In certain aspects, a vector, or two or more vectors are
provided, to facilitate display, screening, 1solation, cloning,
and/or expression of an anti-DPP-4 antibody or a subunit
(e.g., the heavy chain or the light chain), fragment, variant,
or derivative thereof provided herein. In certain aspects the
vector or vectors 1s/are expression vectors.

In certain aspects, two or more nucleic acid molecules of
a polynucleotide composition can be situated in the same
vector. In certain aspects, the two or more nucleic acid
molecules of the polynucleotide composition can be situated
in at least two separate vectors.

Expression vectors are used express 1solated polynucle-
otide(s) encoding an anti-DPP-4 antibody or a subunit (e.g.,
the heavy chain or the light chain), fragment, vanant, or
derivative thereotf provided herein. Recombinant expression
vectors are replicable DNA constructs which have synthetic
or cDNA-derived DNA fragments encoding a polypeptide
chain of a transporter molecule, operatively linked to suit-
able transcriptional or ftranslational regulatory elements
derived from mammalian, microbial, viral or insect genes. A
transcriptional umit generally comprises an assembly of (1)
a genetic element or elements having a regulatory role 1n
gene expression, for example, transcriptional promoters or
enhancers, (2) a structural or coding sequence which 1is
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transcribed into mRNA and translated into protein, and (3)
appropriate transcription and translation imitiation and ter-
mination sequences, as described in detail below. Such
regulatory elements can include an operator sequence to
control transcription. The ability to replicate 1n a host,
usually conferred by an origin of replication, and a selection
gene to facilitate recognition of transformants can addition-
ally be incorporated.

In certain aspects an 1solated polynucleotide or composi-

tion comprising two or more 1solated polynucleotides 1s
provided, comprising a nucleic acid molecule that 1s oper-
ably associated with a promoter, or the two or more nucleic
acid molecules that are operably associated with two or
more promoters, where the promoters can be the same or
different.
Nucleic acid regions are “operably associated” when they
are functionally related to each other. For example, DNA for
a signal peptide (secretory leader) i1s operably associated
with DNA for a polypeptide 1f 1t 1s expressed as a precursor
which participates 1n the secretion of the polypeptide; a
promoter 1s operably associated with a coding sequence 11 1t
controls the transcription of the sequence; or a ribosome
binding site 1s operably associated with a coding sequence 1t
it 1s positioned so as to permit translation.

The choice of expression control sequence and expression
vector will depend upon the choice of host. A wide variety
ol expression host/vector combinations can be employed.
Usetul expression vectors for eukaryotic hosts, include, for
example, vectors comprising expression control sequences
from SV40, bovine papilloma virus, adenovirus and cyto-
megalovirus. Useful expression vectors for bacterial hosts
include known bacterial plasmids, such as plasmids from .
coli, including pCR 1, pBR322, pMB9 and their derivatives,
wider host range plasmids, such as M13 and filamentous
single-stranded DNA phages.

In certain aspects an 1solated host cell 1s provided that
comprises a polynucleotide as provided herein. In certain
aspects one or more 1solated host cells are provided that
comprise the two or more polynucleotides of the polynucle-
otide composition provided herein.

Suitable host cells for expression of transporter molecules
provided herein include prokaryotes, yeast, insect or higher
cukaryotic cells under the control of appropriate promoters.
Prokaryotes include gram negative or gram positive organ-
1sms, for example . coli or bacilli. Higher eukaryotic cells
include established cell lines of mammalian origin as
described below. Cell-free translation systems could also be
employed. Additional information regarding methods of
protein production, including antibody production, can be

found, e.g., in U.S. Patent Publication No. 2008/0187934,
U.S. Pat. Nos. 6,413,746 and 6,660,501, and International
Patent Publication No. WO 04009823, each of which 1s
hereby incorporated by reference herein in its entirety.
Various mammalian or insect cell culture systems can also
be employed to express an anti-DPP-4 antibody or a subunit
(e.g., the heavy chain or the light chain), fragment, variant,
or derivative thereof provided herein. Examples of suitable

mammalian host cell lines include HEK-293 and HEK-
293T, the COS-7 lines of monkey kidney cells, described by

Gluzman (Cell 23:175, 1981), and other cell lines including,
for example, L cells, C127, 3T3, Chinese hamster ovary
(CHO), NSO, HelLa and BHK cell lines. Mammalian
expression vectors can comprise nontranscribed elements
such as an origin of replication, a suitable promoter and
enhancer operably associated with the gene to be expressed,
and other 5' or 3' flanking nontranscribed sequences, and 3
or 3' nontranslated sequences, such as ribosome binding
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sites, a polyadenylation site, splice donor and acceptor sites,
and transcriptional termination sequences. Baculovirus sys-
tems for production of heterologous proteins 1n msect cells
are reviewed by Luckow and Summers, BioTechnology 6:47
(1988).

Host cells provided herein can be utilized 1n a method of
making an anti-DPP-4 antibody or a subunit (e.g., the heavy
chain or the light chain), fragment, vanant, or derivative
thereol provided herein, where the method includes (a)

culturing the host cell and (b) i1solating the antibody, frag-
ment, or subunit expressed from the host cell.
Assays for Detecting DPP-4 Levels

This disclosure provides a method of measuring DPP-4
levels in a sample obtained from a subject comprising
assaying the sample using an immunoassay employing at
least one, e.g., at least two ant1-DPP-4 antibodies or antigen-
binding fragments thereot that recognize distinct epitopes on
human DPP-4. Exemplary antibodies for use in this method
include one or more of mouse monoclonal antibody m3B7.6
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870, mouse monoclonal antibody
m5B7.7 produced from a hybridoma deposited at the ATCC
under Deposit No. PTA-121871, rat monoclonal antibody
R11A2.15 produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872, and/or rat monoclo-
nal antibody R11A9.11 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121873, and/or
antigen-binding fragments, variants, or derivatives thereot,
as described herein.

The method mvolves the use of a specific and sensitive
immunoassay for the detection of DPP-4 in samples
obtained from a subject. The samples are assayed in an
immunoassay employing at least one, e.g., at least two
ant1-DPP-4 antibodies provided herein, e.g., mouse mono-
clonal antibody m3B7.6 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121870, mouse
monoclonal antibody m5B7.7 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121871, rat
monoclonal antibody R11A2.15 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121872,
and/or rat monoclonal antibody R11A9.11 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873, and/or antigen-binding iragments, variants, or
derivatives thereof, as described herein.

For example, the disclosure provides a method of mea-
suring DPP-4 levels 1n a sample obtained from a subject,
comprising assaying the sample in an immunoassay employ-
ing at least one, e.g., at least two anti-DPP-4 antibodies or
antigen-binding fragments, variants, or derivatives thereof
that recognize distinct epitopes on human DPP-4. In one
aspect, one of the at least two anti-DPP-4 antibodies com-
prises an 1solated antibody or antigen-binding fragment,
variant, or derivative thereotf that binds to the same DPP-4
epitope as mouse monoclonal antibody m3B7.6 produced
from a hybridoma deposited at the American Type Culture
Collection (ATCC) under Deposit No. PTA-121870 or
mouse monoclonal antibody m5B7.7 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121871, and one of the at least two anti-DPP-4 antibodies
comprises an 1solated antibody or antigen-binding fragment,
variant, or derivative thereot that binds to the same DPP-4
epitope as rat monoclonal antibody R11A2.15 produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121872, and/or rat monoclonal antibody R11A9.11

produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121873.
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In another aspect, one of the at least two anti-DPP-4
antibodies comprises an 1solated antibody or antigen-bind-
ing fragment, variant, or derivative thereof that competi-
tively 1nhibits binding of mouse monoclonal antibody
m3B7.6 produced from a hybridoma deposited at the ATCC
under Deposit No. PTA-121870, and/or mouse monoclonal
antibody m3B7.7 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121871 to DPP-4; and
one of the at least two anti-DPP-4 antibodies comprises an
isolated antibody or antigen-binding fragment, variant, or
derivative thereof that competitively inhibits binding of rat
monoclonal antibody R11A2.15 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121872,
and/or rat monoclonal antibody R11A9.11 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873 to DPP-4.

In another aspect, one of the two or more anti-DPP-4
antibodies 1s an 1solated antibody or antigen-binding frag-
ment, variant, or derivative thereof comprising a heavy

chain variable domain (VH) with three heavy chain comple-
mentarity determining regions (CDRs) VHCDR1, VHCDR?2

and VHCDR3, and a light chain variable domain (VL) with
three light chain CDRs VLCDRI1, VLCDR2, and VLCDR3,
wherein the CDRs of the 1solated antibody, or fragment,
variant, or derivative thereof are i1dentical to the CDRs of
mouse monoclonal antibody m3B7.6 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121870, and/or mouse monoclonal antibody m5B7.7 pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121871; and one of the two or more
ant1-DPP-4 antibodies 1s an 1solated antibody or antigen-
binding fragment, variant, or derivative thereol comprising
a heavy chain variable domain (V 'q) with three heavy chain

complementarity determining regions (CDRs) VHCDRI,
VHCDR2 and VHCDR3, and a light chain variable domam

(VL) with three light chaln CDRs VLCDRI1, VLCDR2, and
VLCDR3, wherein the CDRs of the 1solated antibody, or
fragment, variant, or derivative thereof are identical to the
CDRs of rat monoclonal antibody R11A2.15 produced from
a hybridoma deposited at the ATCC under Deposit No.
PTA-121872, and/or rat monoclonal antibody R11A9.11
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121873.

In another aspect, one of the two or more anti-DPP-4
antibodies 1s an 1solated antibody or antigen-binding frag-
ment, variant, or derivative thereof comprising a VH and a
VL 1identical to the VH and VL of mouse monoclonal
antibody m3B7.6 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121870, and/or mouse
monoclonal antibody m3B7.7 produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121871; and
one of the two or more anti-DPP-4 antibodies 1s an 1solated
antibody or anti gen-binding fragment, variant, or derivative
thereof comprising a VH and a VL i1dentical to the VH and
VL of rat monoclonal antibody R11A2.15 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121872, and/or rat monoclonal antibody R11A9.11 pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121873.

Any of these antibodies or fragments thereof can be fused
to one or more heterologous polypeptides, e.g., a stabilizing
polypeptide, a tag, a label, or a combination thereot, or can
be conjugated to a heterologous moiety, e.g., a peptide, a
protein, an enzyme, a lipid, a heterologous antibody or
fragment thereof, a detectable label, polyethylene glycol
(PEG), or a combination of two or more of any the agents.
In certain aspects, the antibody comprises a detectable label
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such as biotin or a ruthenmium chelate. Other detectable labels
are well known to those of ordinary skill 1n the art and are
included 1n this disclosure.

In certain aspects, the immunoassay comprises a sand-
wich immunoassay, ¢.g., an enzyme-linked immunosorbent
assay (ELISA) or a sandwich electrochemiluminescent
(ECL) assay, 1n which a first anti-DPP-4 “capture” antibody
or antigen-binding fragment thereotf is attached to a solid
support, antigen from a sample or standard 1s allowed to
bind to the capture antibody, and then a second anti-DPP-4
“detection” antibody or antigen-binding fragment thereof 1s
added, and detected either by an enzymatic reaction, an
clectrochemiluminescent reaction, radioactivity, or other
detection method.

In certain aspects, the immunoassay comprises the fol-
lowing: first, the capture antibody, or fragment, variant, or
derivative thereof 1s allowed to bind to a solid support, e.g.,
a multi-well plate or other assay device known to those of
ordinary skill in the art. The capture antibody 1s allowed to
attach for a period of time, e.g., overnight, and then unbound
antibody 1s removed. The plate can then be washed to
remove any unbound capture antibody. The plate can then be
treated with a blocking solution to allow non-specific protein
to bind to any unbound regions of the solid support. Typical
blocking solutions include an unrelated protein, e.g., nonfat
dry milk or serum albumin. The plate can then again be
washed to remove any unbound blocking solution. Next, a
sample suspected of containing DPP-4 1s added to the plate.
Samples are typically serially diluted and plated 1n duplicate
or triplicate. Controls, including standard amounts of DPP-4
or a suitable fragment thereof and various negative controls
are also included. The antigen 1s allowed to bind to the
capture antibody for a period of time, e.g., one hour at room
temperature. Following incubation, the plate can then be
washed to remove any unbound antigen.

Next, a detection antibody 1s added. The detection anti-
body 1s typically an anti-DPP-4 antibody that binds to a
different DPP-4 epitope than the capture antibody. The
detection antibody can be labeled or unlabeled. Where the
detection antibody 1s unlabeled, a labeled secondary anti-
body can be used for detection, as 1s well known by those of
ordinary skill in the art. The detection antibody can be
directly labeled with an enzyme, e.g., horseradish peroxi-
dase or alkaline phosphatase, or can be labeled with a tag
that will allow an enzyme to bind. For example the detection
antibody can be conjugated to biotin, and the enzyme
attached 1n a subsequent step by allowing enzyme-conju-
gated streptavidin to bind to the biotin tag. Alternatively the
detection antibody can be conjugated to a chemilumines-
cent, fluorescent, or -electrochemiluminescent tag. An
example of the latter 1s a ruthenium chelate. Following
incubation, the plate can then be washed to remove any
unbound detection antibody.

Detection of the detection antibody 1s accomplished by
methods that will vary based on the type of detection
antibody that 1s used. If the detection antibody 1s tagged with
biotin, then enzyme-conjugated streptavidin 1s added,
unbound streptavidin 1s washed away, and a substrate 1s
added which provides a colorimetric reaction that can be
read, e.g., on a spectrophotometer. I the detection antibody
1s conjugated to a ruthentum chelate, the plate 1s subjected
to electrical current, and light emission 1s measured.

In certain aspects, the method directly measures DPP-4
levels 1n a patient sample, where absolute levels are calcu-
lated by plotting the immunoassay results on a standard
curve using, e.g., purified full length DPP-4 or a DPP-4
fragment. The detected signal from the detection antibody
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can then be quantitated based on the various standards and
controls 1included on the plate. By plotting the results on a
standard curve, the absolute levels or amount of DPP-4 1n
the test samples can be calculated, e.g., 1n ng/mL or pg
DPP-4/mL protein.

In certain aspects of the immunoassay and method pro-
vided herein the capture antibody i1s mouse monoclonal
antibody m3B7.6 as produced from a hybridoma deposited
at the ATCC under Deposit No. PTA-121870 or an antigen-
binding fragment, variant, or derivative thereof, or mouse
monoclonal antibody m5B7.7 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121871 or an antigen-binding fragment, variant, or deriva-
tive thereof. In certain aspects of the immunoassay and
method provided herein the detection antibody 1s rat mono-
clonal antibody R11A2.15 as produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121872 or an
antigen-binding fragment, variant, or derivative thereot, or
rat monoclonal antibody R11A9.11 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873 or an antigen-binding fragment, variant, or deriva-
tive thereof.

In certain aspects of the immunoassay and method pro-
vided herein the capture antibody 1s rat monoclonal antibody
R11A2.15 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872 or an antigen-bind-
ing fragment, variant, or derivative thereot, or rat monoclo-
nal antibody R11A9.11 as produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121873 or an
antigen-binding fragment, variant, or derivative thereof. In
certain aspects of the immunoassay and method provided
herein the detection antibody 1s mouse monoclonal antibody
m3B7.6 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121870 or an antigen-bind-
ing fragment, variant, or derivative thereof, or mouse mono-
clonal antibody m3B7.7 as produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121871 or an
antigen-binding fragment, variant, or derivative thereof.

In certain aspects of the immunoassay and method pro-
vided herein the capture antibody 1s mouse monoclonal
antibody m3B7.6 as produced from a hybridoma deposited
at the ATCC under Deposit No. PTA-121870 or an antigen-
binding fragment, variant, or derivative thereoi, and the
detection antibody 1s rat monoclonal antibody R11A2.15 as
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121872 or an antigen-binding fragment,
variant, or derivative thereof. In certain aspects of the
immunoassay and method provided herein the capture anti-
body 1s mouse monoclonal antibody m3B7.6 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121870, or an antigen-binding fragment, variant, or
derivative thereof, and the detection antibody 1s rat mono-
clonal antibody R11A9.11 as produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121873 or an
antigen-binding fragment, variant, or derivative thereof.

In certain aspects of the immunoassay and method pro-
vided herein the capture antibody 1s mouse monoclonal
antibody m3B7.7 as produced from a hybridoma deposited
at the ATCC under Deposit No. PTA-121871 or an antigen-
binding fragment, variant, or derivative thereof, and the
detection antibody 1s mouse monoclonal antibody R11A2.15
as produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121872 or an antigen-binding fragment,
variant, or derivative thereof. In certain aspects of the
immunoassay and method provided herein the capture anti-
body 1s mouse monoclonal antibody m5B7.7 as produced
from a hybridoma deposited at the ATCC under Deposit No.
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PTA-121871 or an antigen-binding fragment, variant, or
derivative thereof, and the detection antibody 1s rat mono-
clonal antibody R11A9.11 as produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121873 or an
antigen-binding fragment, variant, or derivative thereof.

In certain aspects of the immunoassay and method pro-

vided herein the capture antibody 1s rat monoclonal antibody
R11A2.15 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872 or an antigen-bind-

ing fragment, variant, or derivative thereot, and the detection
antibody 1s mouse monoclonal antibody m3B7.6 as pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870 or an antigen-binding fragment,
variant, or derivative thereof. In certain aspects of the
immunoassay and method provided herein the capture anti-
body 1s rat monoclonal antibody R11A2.15 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121872 or an antigen-binding fragment, variant, or
derivative thereof, and the detection antibody 1s mouse
monoclonal antibody m5B7.7 as produced {from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121871 or an antigen-binding fragment, variant, or deriva-
tive thereol.

In certain aspects of the immunoassay and method pro-
vided herein the capture antibody i1s rat monoclonal antibody
R11A9.11 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121873 or an antigen-bind-
ing fragment, variant, or derivative thereot, and the detection
antibody 1s mouse monoclonal antibody m3B7.6 as pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870 or an antigen-binding fragment,
variant, or derivative thereof. In certain aspects of the
immunoassay and method provided herein the capture anti-
body 1s rat monoclonal antibody R11A9.11 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121873 or an antigen-binding fragment, variant, or
derivative thereof, and the detection antibody 1s mouse
monoclonal antibody m5B7.7 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121871 or an antigen-binding fragment, variant, or deriva-
tive thereol.

A variety of subject samples can be used 1n the methods
presented herein. Exemplary, non-limiting examples of
samples include one or more of whole blood, serum, plasma,
saliva, sputum, nasal polyps, nasal mucus, bronchoalveolar
lavage fluid, skin cells or lung tissue, e.g., lung epithelial
cells. In specific aspects, the sample 1s a serum sample, skin
cells or lung tissue.

In particular aspects, the methods disclosed herein include
informing the subject of a result of the DPP-4 assay and/or
of a diagnosis based at least in part on the DPP-4 level. The
patient can be mformed verbally, 1n writing, and/or elec-
tronically. This diagnosis can also be recorded 1n a patient
medical record.

The term “medical record” or “patient medical record”
refers to an account of a patient’s examination and/or
treatment that typically includes one or more of the follow-
ing: the patient’s medical history and complaints, the phy-
sician’s physical findings, the results of diagnostic tests and
procedures, and patient medications and therapeutic proce-
dures. A medical record is typically made by one or more
physicians and/or physicians’ assistants and it 1s a written,
transcribed or otherwise recorded record and/or history of
various 1llnesses or injuries requiring medical care, and/or
inoculations, and/or allergies, and/or treatments, and/or
prognosis, and/or frequently health information about par-
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ents, siblings, and/or occupation. The record can, 1n some
instances, be reviewed by a physician in diagnosing the
condition.

The medical record can be 1n paper form and/or can be
maintained in a computer readable medium. The medical >
record can be maintained by a laboratory, physician’s oflice,
a hospital, a healthcare maintenance organization, an nsur-
ance company, and/or a personal medical record website. In
some aspects, a diagnosis, based at least in part on the DPP-4
level, 1s recorded on or 1n a medical alert article such as a
card, a worn article, and/or a radiofrequency 1dentification
(RFID) tag. As used herein, the term “worn article” refers to
any article that can be worn on a subject’s body, including,
but not limited to, a tag, bracelet, necklace, arm band, or

head band.

In certain aspects, the methods can entail ordering and/or
performing one or more additional assays. For example, it
the DPP-4 level 1s determined to be within a normal range
(1.e., not elevated), the DPP-4 assay can be repeated to rule ¢
out a false negative result, and/or one or more additional
DPP-4 assays can be performed to monitor the subject’s
status. If the DPP-4 level 1s determined to be elevated, 1t can
be desirable repeat the DPP-4 assay to rule out a false
positive result. 25
DPP-4 Detection Methods, Assays, and Kits

This disclosure provides methods, assays, and kits to
facilitate a determination or analysis of the DPP-4 level or
amount of DPP-4 in the sample. In some aspects, the
methods, assays, and kits disclosed herein are performed or 30
used by a healthcare provider, a healthcare benefits provider,
or a clinical laboratory to determine the DPP-4 level or
amount of DPP-4 1n the sample from the subject.

In certain aspects, the immunoassay i1s performed on a
sample obtained from the patient, by the healthcare profes- 35
sional treating the patient, €.g., using an 1immunoassay as
described herein, formulated as a “point of care” diagnostic
kit. In some aspects, a sample 1s obtained from the patient
and 1s submitted, e.g., to a clinical laboratory, for measure-
ment of the DPP-4 level in the sample according to the 40
healthcare professional’s instructions, €.g., using an 1mmu-
noassay as described herein.

In certain aspects, the patient having, or suspected of
having, an IL-13-mediated disease or disorder has been
diagnosed with a pulmonary disease or disorder, an inflam- 45
matory bowel disease or disorder, or a chronic inflammatory
skin condition. In certain aspects, the disease or disorder
having or suspected of having IL-13-mediated pathology 1s
asthma, 1diopathic pulmonary fibrosis (IPF), chronic
obstructive pulmonary disease (COPD), ulcerative colitis 50
(UC), atopic dermatitis, allergic rhunitis, or chronic rhinosi-
nusitis.

This disclosure also provides kits for use 1n the practice of
the immunoassays as disclosed herein. Such kits can com-
prise containers, each with one or more of the various 55
reagents (e.g., in concentrated form) utilized in the methods,
including, for example, one or more anti-DPP-4 antibodies.
One or more anti-DPP-4 antibodies, e.g., capture antibodies
can be provided already attached to a solid support, and one
or more antibodies, e.g., detection antibodies, can be pro- 60
vided already conjugated to a detectable label, e.g., biotin or
a ruthenium chelate. The kit can also provide reagents for
coupling a detectable label to an antibody (as well as the
label itsell), bullers, and/or reagents and 1nstrumentation to
support the practice of the assays provided herein. In certain 65
aspects, a labeled secondary antibody 1s provided that binds
to the detection antibody. A kit provided according to this
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disclosure can further comprise suitable containers, plates
and any other reagents or materials necessary to practice the
assays provided herein.

A kit for measuring DPP-4 levels in a sample can com-
prise one or more of the anti-DPP-4 antibodies or fragments
thereol provided herein, e¢.g., mouse monoclonal antibody
m3B7.6 produced from a hybridoma deposited at the Amerti-
can Type Culture Collection (ATCC) under Deposit No.
PTA-121870, mouse monoclonal antibody m5B7.7 pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121871, rat monoclonal antibody
R11A2.15 produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872, and/or rat monoclo-
nal antibody R11A9.11 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121873, and/or
antigen-binding fragments, variants or derivatives thereot,
or related antibodies or antigen-binding fragments thereof,
also as described herein.

In certain aspects, a kit as provided herein comprises two
1solated antibodies or antigen-binding fragments thereolf, a
capture antibody and a detection antibody. In certain aspects
the capture antibody 1s mouse monoclonal antibody m3B7.6
as produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870 or an antigen-binding fragment,
variant, or derivative thereof, or mouse monoclonal antibody
m5B7.7 as produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121871 or an antigen-bind-
ing fragment, variant, or derivative thereot, and the detection
antibody 1s rat monoclonal antibody R11A2.15 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121872 or an antigen-binding fragment, variant, or
derivative thereof, or rat monoclonal antibody R11A9.11 as
produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121873 or an antigen-binding fragment,
variant, or derivative thereof.

In certain aspects the capture antibody is rat monoclonal
antibody R11A2.15 as produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121872 or an
antigen-binding fragment, variant, or derivative thereot, or
rat monoclonal antibody R11A9.11 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873 or an antigen-binding fragment, variant, or deriva-
tive thereol, and the detection antibody 1s mouse monoclo-
nal antibody m3B7.6 as produced from a hybridoma
deposited at the ATCC under Deposit No. PTA-121870, or
an antigen-binding fragment, variant, or derivative thereof,
or mouse monoclonal antibody m5B7/7.7 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121871 or an antigen-binding fragment, variant, or deriva-
tive thereol.

In certain aspects of the kits provided herein, the capture
antibody 1s mouse monoclonal antibody m3B7.6 as pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870, or an antigen-binding fragment,
variant, or denivative thereol, and the detection antibody 1s
rat monoclonal antibody R11A2.15 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121872 or an antigen-binding fragment, variant, or deriva-
tive thereol. In certain aspects of the kits provided herein,
the capture antibody 1s mouse monoclonal antibody m3B7.6
as produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121870 or an antigen-binding fragment,
variant, or derivative thereol, and the detection antibody 1s
rat monoclonal antibody R11A9.11 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873 or an antigen-binding fragment, variant, or deriva-
tive thereol.
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In certain aspects of the kits provided herein, the capture
antibody 1s mouse monoclonal antibody mS5B7.7 as pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121871 or an antigen-binding fragment,
variant, or derivative thereot, and the detection antibody 1s
mouse monoclonal antibody R11A2.15 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121872 or an antigen-binding fragment, variant, or deriva-
tive thereol. In certain aspects of the kits provided herein,
the capture antibody 1s mouse monoclonal antibody m3B7.7
as produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121871 or an antigen-binding fragment,
variant, or denivative thereof, and the detection antibody 1s
rat monoclonal antibody R11A9.11 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121873 or an antigen-binding fragment, variant, or deriva-
tive thereof.

In certain aspects of the kits provided herein, the capture
antibody 1s rat monoclonal antibody R11A2.15 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121872 or an antigen-binding fragment, variant, or
derivative thereof, and the detection antibody 1s mouse
monoclonal antibody m3B7.6 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121870 or an antigen-binding fragment, variant, or deriva-
tive thereof. In certain aspects of the kits provided herein,
the capture antibody 1s rat monoclonal antibody R11A2.15
as produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121872 or an antigen-binding fragment,
variant, or derivative thereot, and the detection antibody 1s
mouse monoclonal antibody m5B7.7 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121871 or an antigen-binding fragment, variant, or deriva-
tive thereof.

In certain aspects of the kits provided herein, the capture
antibody 1s rat monoclonal antibody R11A9.11 as produced
from a hybridoma deposited at the ATCC under Deposit No.
PTA-121873 or an antigen-binding fragment, variant, or
derivative thereof, and the detection antibody 1s mouse
monoclonal antibody m3B7.6 as produced {from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121870 or an antigen-binding fragment, variant, or deriva-
tive thereof. In certain aspects of the kits provided herein,
the capture antibody 1s rat monoclonal antibody R11A9.11
as produced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121873 or an antigen-binding fragment,
variant, or derivative thereot, and the detection antibody 1s
mouse monoclonal antibody m5B7.7 as produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121871 or an antigen-binding fragment, variant, or deriva-
tive thereof.

In certain aspects, the detection antibody 1s detectably
labeled. In certain aspects, the detectable label 1s biotin and
the detection reagents comprise a streptavidin-horse radish
peroxidase (HRP) conjugate and a colorimetric substrate for
HRP. In certain aspects the detectable label 1s a ruthenium
chelate. Other antibodies, labels, and reagents as described
clsewhere herein can also be used 1n kit as prowded herein.

In certain aspects, this disclosure provides an immunoas-
say for detecting DPP-4 levels 1n one or more samples,
comprising the use of at least one, e.g., at least two anti-
DPP-4 antibodies or antigen-binding fragments, variants, or
derivatives thereof, e.g., mouse monoclonal antibody
m3B7.6 produced from a hybridoma deposited at the Amerti-
can Type Culture Collection (ATCC) under Deposit No.
PTA-121870, mouse monoclonal antibody m5B7.7 pro-
duced from a hybridoma deposited at the ATCC under
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Deposit No. PTA-121871, rat monoclonal antibody
R11A2.15 produced from a hybridoma deposited at the

ATCC under Deposit No. PTA-121872, and/or rat monoclo-
nal antibody R11A9.11 produced from a hybridoma depos-
ited at the ATCC under Deposit No. PTA-121873 as
described herein, or antigen-binding fragments, variants or
derivatives thereot, or related antibodies or antigen-binding
fragments thereot, also as described herein.

In certain aspects, the immunoassay provided herein 1s a
sandwich 1 Immunoassay, €.g., an an ELISA assay or an ECL
assay, comprising a first anti-DPP-4 “capture” antibody or
antigen-binding fragment thereof attached to a solid support,
and a second anti-DPP-4 “detection” antibody or antigen-
binding fragment thereof. The immunoassay 1s performed
by methods provided herein or methods well known and
understood by those of ordinary skill in the art. In one aspect
the immunoassay comprises attaching a capture antibody, or
fragment, variant, or dertvative thereof to a solid support;
applying the test sample or a control sample, allowing
DPP-4, 1t present 1in the sample, to bind to the capture
antibody, or fragment, variant, or derivative thereof; apply-
ing the detection antibody, or fragment, variant, or derivative
thereof, which can bind to DPP-4 already bound to the
capture antibody, or fragment, variant, or derivative thereof;
and measuring the amount of detection antibody, or frag-
ment, variant, or derivative thereof bound to DPP-4. In
certain aspects, the assay can further include washing steps,
blocking steps and incubation steps.

In certain aspects, the detection antibody, or fragment,
variant, or derivative thereof further comprises a detectable
label, e.g., biotin or ruthenium chelate.

Aspects of the present disclosure can be further defined by
reference to the following non-limiting examples, which
describe 1n detail preparation of certain antibodies of the
present disclosure and methods for using antibodies of the
present disclosure. It will be apparent to those skilled in the
art that many modifications, both to materials and methods,
can be practiced without departing from the scope of the
present disclosure.

EXAMPLES

Example 1: Generation and Characterization of Rat

and Mouse Monoclonal Antibodies Specific for
Human DPP-4

Mouse and rat monoclonal antibodies specific for human
DPP-4 were produced by the following method. Animals
were immunized using the Repetitive Immunization at Mul-
tiple Sites (RIMMS) protocol (Kilpatrick, K., et al.,
Hybridoma 16:381-389 (2009)). Bretly, five Balb/c mice
and two Wistar rats, all at ages 4-6 weeks, were injected at
6 dorsal sites subcutaneously with r-human DPP4-His (R&D
Systems Catalog No. 1180) mixed in Complete Freund’s
adjuvant (Sigma) (for 1st round followed by incomplete
Freund’s adjuvant for subsequent immunizations) and 6
ventral sites subcutaneously with antigen mixed 1n TiterMax
(S1gma) adjuvant on each dosing date. In total, each animal
received 1njections at twelve sites as shown 1n FIG. 1. Test
bleeds were collected on day 13, and both pre-bleed and
immunized sera were tested by direct binding ELISA using
DPP-4 (r-DPP-4-His, R&D Systems catalog number 1180)
and negative control glycoprotein 130 (r-gp130-His) bound
to the ELISA plates. Wells of high binding ELISA plates
were coated with 50 ul. of a 2 ug/mL solution of r-human
DPP-4-His or gpl30-His 1n PBS overnight at 4° C. The

plates were then washed three times with 200 ul/well wash
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bufler (PBS/0.1% TWEEN-20®). Following washing, 150
ulL/well blocking bufler (PBS/3% nonfat dry milk/0.1%
TWEEN-20®) was added to each well, and the plates were
incubated for one hour at room temperature. The plates were
then washed three times as noted above.

Pre- and test-sera were serially diluted in PBS, pH7/.2
butfler, from an 1nitial 1:100 dilution to a final dilution of
1:218,600. Fifty uL. of each diluted sample was added to the
plates and incubated for 1 hour at room temperature. The
plates were washed three times as noted above. Following,
washing, 50 ul of the detection antibody was added to each
well. For the mouse group, Donkey anti-mouse (H+L):HRP
(Jackson Immunoresearch, Catalog No. 715-035-151)
diluted 1:8000 1in PBS was used. For the rat group, Donkey
anti-rat(H+L):HRP (Jackson Immunoresearch, Catalog No.
715-035-153), 1:8000 1n PBS was used. The plates were
incubated for 1 hour at room temperature. The plates were
then washed three times and 50 ulL/well TMB substrate
(KPL, Catalog No. 52-00-04) pre-warmed to room tempera-
ture was added. The plates were incubated at room tempera-
ture 1n the dark for 10 minutes, and 350 uL of stop solution
(1M HCI) was added to each well. The plates were read on
a spectrophotometer at A=450 nm.

Pre-bleed and immunized serum antibody titers for DPP-4
are shown 1n FIG. 2. On day 16 and 19, lymph nodes were
collected from the rats and mice showing robust serum titer,
and hybridomas were generated as follows. On day 19
lymph nodes were collected from the animals, lymphocyte
cells were extracted from the lymphoid tissues and filtered
through 70 um cell strainers. Antigen specific B cells were
1solated by using MACS, streptavidin microbeads (Miltenyi
Biotec Catalog #130-048-101) using the manufacturer sug-
gested protocol. The DPP4 specific B cells were then fused
with myeloma P3x/63Ag8.6353 cells at 1:1 ratio following
the PEG (Roche) fusion method. Fused cells were seeded at
a density of 2.5x10* B cell/well in hybridoma growth media
(Ex-Cell 610+10% Hi-FBS+1% pemcillin-streptomycin+1x
BM-condimed H1 hybridoma cloning supplement) supple-
mented with 1xHAT. Seven days aifter fusion, HAT contain-
ing medium was replaced with growth medium supple-
mented with 1xHT.

Hybridoma supernatants were screened for antibodies
binding to human DPP-4, and four hybridoma-produced
antibodies were selected for further investigation: mouse
monoclonal antibody m3B7.6 (IgG1/Kx), mouse monoclonal
antibody m5B7.7 (IgGl/x), rat monoclonal antibody

R11A2.15 (IgG2a/kx), and rat monoclonal antibody
R11A9.11 (IgG2a/k). Hybridoma cell lines expressing these
four monoclonal antibodies were deposited under the Buda-
pest Treaty at the American Type Culture Collection (ATCC)
under Deposit No. PTA-121870 (m3B7.6), Deposit No.
PTA-121871 (m5B7.7), Deposit No. PTA-121872
(R11A2.15), and Deposit No. PTA-121873 (R11A9.11) on
Jan. 8, 2013.

Example 2: Sandwich ELISA Assays to Detect
DPP-4

Materials and Methods
A. DPP-4 Sandwich ELISA Protocol with HRP Detection
System.

HRP-based sandwich ELISA assays were performed as
tollows. Specific details such as anti-DPP-4 capture anti-
bodies, samples to be tested, and anti-DPP-4 detection
antibodies are noted for specific experiments in the various
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examples. Vanations to standard ELISA protocols are well
known to those of ordinary skill 1n the art, and can be used
according to this disclosure.

High binding ELISA plates were coated with an anti-
DPP-4 capture mAb, e.g., m3B7.6 or m5B7.7 (5 ng/mL 1n
PBS; 50 ul/well), and were incubated overnight at 4° C. The
plates were washed three times with 200 ul/well wash
bufter (PBS/0.1% TWEEN-20®). Following washing, 150
ulL/well block bufler (PBS/3% nonfat dry milk/0.1%
TWEEN-20®) was added to each well, and the plates were

incubated for one hour at room temperature. The plates were
then washed three times as noted above.

For the standard curve, DPP-4 standards (e.g., standards
available from R & D Systems Catalog #1180-SE) were

serially diluted 1n PBS, pH7.2 bufler or 1% normal human
serum, €.g., 2-fold dilutions from 500 ng/mL to 0.49 ng/ml.
Fifty microliters (50 ul) of each standard or diluted sample
was added to the plates, and the plates were incubated for 1
hour at room temperature. Again, the plates were washed
three times as noted above. Following washing, 50 uL of
detection mAb R11A2.15, R11A9.11 or 222113.11 (at 2
ug/ml) was added to each well, and the plates were 1ncu-
bated for 1 hour at room temperature. Again, the plates were
washed three times as noted above. Following washing, 50

ul. of Donkey anti-Rat(H+L)-HRP conjugate (Jackson
Immunoresearch catalog #712-035-133), diluted 1:8,000 1n

PBS was added to each well, and the plates were incubated
for one hour at room temperature. Again, the plates were

washed three times as noted above. Following washing, 50
ul/well TMB substrate (KPL, Catalog No. 52-00-04), pre-

warmed to room temperature was added, the plates were
incubated at room temperature 1n the dark for 10 minutes,

and 50 ul. of TMB stop solution (1M HCI) was added to
cach well. Finally the plates were read on a spectrophotom-

eter at A—=450 nm.
Results

The results using mouse m3B7.6 and m5B7.7 as the
capture antibodies are shown i FIG. 3A and FIG. 3B,
respectively. The two mouse and two rat mAbs (mAb
R11A2.15 or R11A9.11) form four diflerent pairs of detect-
ing agents for human CD26 with similar lower limits of
detection (LLOD) and provided high sensitivity in measur-
ing human DPP-4 1n a sandwich ELISA assay. In contrast,
the commercially available rat mAb (R222113) (Human
DPPIV/CD26 MAb (Clone 222113), Rat IgG2A Catalog
No. MABI1180 from R&D Systems) detected less human
CD26 and was significantly less sensitive in measuring
human DPP-4 1n a sandwich ELISA assay when paired with
the two mouse mAbs m3B7.6 and m3B7.7. See FIGS. 3A-B.
These results demonstrate that the antibodies provided
herein (m3B7.6, m5B7.7, R11A2.15 and R11A9.11) are
superior 1n detecting human CD26 1n an immunoassay
compared to the commercially available rat antibody
R222113. In addition, the antibodies provided herein
(m3B7.6, m35B7.7, R11A2.15 and R11A9.11) detect both
endogenous and recombinant human CD26 making them

useiul as diagnostic reagents.
As shown in FIG. 3, m3B7.6+R11A2.15, m3B7.6+
R11A9.11, m3B7. 7+R11A2 15 and/or m5SB7.7+R11A9.11

are eflective 1 measuring human DPP-4 1n a sandwich
ELISA assay. In addition, regardless of the choice of pairs,

the serum concentration of DPP-4 1n the study was between
to 1-2 ug/ml.

Example 3: Ant1-DPP-4 mAb Epitope Binning

Using OCTET

Epitope binmng for the four anti-DPP-4 antibodies
(m3B7.6, m3B7.7, R11A2.15 and R11A9.11) was carried



US 10,351,630 B2

37

out by OCTET. Test antibody was biotinylated and captured
on a streptavidin biosensor at concentration of 20 ug/ml and

in 200 Owen for 5 min and then washed with 200 uL. of PBS

38

The foregoing description of the specific aspects will so
tully reveal the general nature of the disclosure that others
can, by applying knowledge within the skill of the art,

bufler for 1 min. The biosensor was then incubated with readily modity and/or adapt for various applications such
recombinant human DPP4 at 10 ug/mL for 5 min and was 5 specific aspects, without undue experimentation, without
washed with 200 uLL of PBS bufler for 1 min. The competitor departing from the general concept of the present disclosure.
antibodies were mixed 1n at a 1:1 ratio with the testing at a Theretfore, such adaptations and modifications are intended
final concentration of 20 pg/ml and incubated with the to be within the meaning and range of equivalents of the
biosensor 1 200 ul for 5 min. disclosed aspects, based on the teaching and guidance pre-

A schematic of the assay 1s shown in 10 sented herein. It 1s to be understood that the phraseology or

FI1G. 4A, and the results with the four different antibodies terminology herein 1s for the purpose of description and not
(m3B7.6, m5B7.7, R11A2.15 and R11A9.11) as the testing, of limitation, such that the terminology or phraseology of the
antibody are shown 1n present specification i1s to be mterpreted by the skilled

FIGS. 4B-E, respectively. The results demonstrated that artisan 1n light of the teachings and guidance.
the mouse monoclonal antibodies m3B7.6 and m5B7.7 15  The breadth and scope of the present disclosure should
compete with each other, and that the rat monoclonal anti- not be limited by any of the above-described exemplary
bodies R11A2.15 and R11A9.11 compete with each other. aspects, but should be defined only 1n accordance with the
The mouse antibodies do not compete with the rat antibod- following claims and their equivalents.
ies, and thus do not share an epitope. Based on this data, we All publications, patents, patent applications, and/or other
conclude that the two mouse antibodies (m3B7.6 and 20 documents cited in this application are incorporated by
m5B7.7) share the same or an overlapping epitope while the reference 1n their entirety for all purposes to the same extent
two rat antibodies (R11A2.15 and R11A9.11) share an as 11 each individual publication, patent, patent application,
epitope or an overlapping epitope that 1s different from the and/or other document were individually indicated to be
epitope shared by the mouse antibodies. incorporated by reference for all purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1

<211> LENGTH: 445

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (1)..(445)

<223> OTHER INFORMATION: Lebrikizumab Heavy chain

<400> SEQUENCE: 1

Gln Val Thr Leu Arg Glu Ser Gly Pro Ala Leu Val Lys Pro Thr Gln

1 5 10 15

Thr Leu Thr Leu Thr Cys Thr Val Ser Gly Phe Ser Leu Ser Ala Tyr

20 25 30
Ser Val Asn Trp Ile Arg Gln Pro Pro Gly Lys Ala Leu Glu Trp Leu
35 40 45
Ala Met Ile Trp Gly Asp Gly Lys Ile Val Tyr Asn Ser Ala Leu Lys
50 55 60

Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln Val Val Leu

65 70 75 80

Thr Met Thr Asn Met Asp Pro Val Asp Thr Ala Thr Tyr Tyr Cys Ala

85 90 95
Gly Asp Gly Tyr Tyr Pro Tyr Ala Met Asgsp Asn Trp Gly Gln Gly Ser
100 105 110
Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
115 120 125
Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly
130 135 140

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn

145 150 155 160

Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln

165 170 175
Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser



Ser

Asn

Pro

225

Phe

Val

Phe

Pro

Thr

305

Val

Ala

Gln

Gly

Pro

385

Ser

Glu

His

<210>
<211>
<212 >
<213>
220>
<22]1>
<222 >
<223 >

<400>

Leu

Thr

210

Pro

Pro

Thr

Agn

Arg

290

Val

Ser

Glu
Phe
370

Glu

Phe

Gly

Gly
195

Pro

Trp

275

Glu

Leu

Agn

Gly

Glu

355

Agn

Phe

Agn

Thr
435

180

Thr

Val

Pro

Val

260

Glu

Hisg

Gln

340

Met

Pro

Agn

Leu

Val

420

Gln

PRT

SEQUENCE :

Asp Ile Val Met

1

Glu

Gly

ATg
65

Ser

ATy

Agn

Leu

50

Phe

Leu

Ala

Ser

35

Leu

Ser

Gln

Thr

20

Phe

Tle

Gly

Ala

Asp

Ala

Pro

245

Val

Vval

Gln

Gln

Gly

325

Pro

Thr

Ser

Tvr
405

Phe

SEQ ID NO 2
LENGTH :
TYPE :
ORGANISM: Homo saplens
FEATURE:
NAME /KEY: misc feature
LOCATION:

218

Thr

Pro

230

Val

ASpP

Phe

ASpP

310

Leu

ATg

ASpP

Lys

390

Ser

Ser

Ser

39

Arg
215
Glu
AsSp
Asp
Gly
Asn
295
Trp
Pro
Glu
Asn
Ile
375

Thr

Arg

Leu

(1) ..{(218)

2

Thr
5

Ile

Met

Ser

Glu
85

Gln

AsSn

His

Leu

Gly

70

ASpP

Ser

Trp

Ala
55

Ser

Val

Thr

200

Val

Phe

Thr

Val

Val

280

Ser

Leu

Ser

Pro

Gln

360

Ala

Thr

Leu

Ser

Ser
440

Pro

ATy

Tyr

40

Ser

Gly

Ala

185

Glu

Leu

Leu

Ser

265

Glu

Thr

ASn

Ser

Gln

345

Val

Val

Pro

Thr

Val

425

Leu

ASP

Ala

25

Gln

Agn

Thr

Val

Agn

Ser

Gly

Met

250

Gln

Val

Gly

Tle

330

Val

Ser

Glu

Pro

Val
410

Met

Sexr

Ser
10

Ser

Gln

Leu

ASpP

Tyr
S50
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Val

Gly

235

ITle

Glu

His

ATYg

Lys

315

Glu

Leu

Trp

Val

395

ASpP

His

Leu

OTHER INFORMATION: Lebrikizumab Light

Leu

Liys

Glu

Phe
75

-continued

ASp

Tvr

220

Pro

Ser

ASDP

ASn

Val

300

Glu

Thr

Thr

Glu

380

Leu

Glu

Gly

His

205

Gly

Ser

Arg

Pro

Ala

285

Val

Thr

Leu

Cys

365

Ser

Asp

Ser

Ala

Lys
445

chain

Ser

Ser

Pro

Ser

60

Thr

Val

Val

Gly

45

Gly

Leu

Gln

120

Pro

Val

Thr

Glu

270

Ser

Tle

Pro

350

Leu

Agn

Ser

ATrg

Leu
430

Ser

ASP

30

Gln

Val

Thr

Gln

Pro

Pro

Phe

Pro

255

Val

Thr

Val

Ser

335

Pro

Val

Gly

ASP

Trp

415

His

Leu
15

Ser

Pro

Pro

Ile

Agn
o5

Ser

Leu
240
Glu

Gln

Leu

Lys
320

Ser

Gln

Gly
400

Gln

Agn

Gly

Pro

ASp

Ser

80

Agn

40



Glu

Thr

Leu

Pro

145

Gly

Hig

Val

<210>
<211>
<212 >
<213>
<220>
«221>
<222 >
<223 >

ASpP

Val

Lys

130

Arg

Agn

Ser

Thr
210

Pro

Ala
115

Ser

Glu

Ser

Leu

Val
195

ATy

100

Ala

Gly

Ala

Gln

Ser
180

Ser

PRT

<400> SEQUENCE:

Gln Val Gln Leu

1

Ser

Gly

Gly

Gln

65

Met

Ala

Gly

<210>
<211>
<212 >

<213>
<220>
<«221>
<222>
<223 >

<400>

Val

Leu

Trp

50

Gly

Glu

Arg

Arg

Lys

Ser

35

Tle

Arg

Leu

ASP

Gly
115

Val

20

Trp

Ser

Val

ATrg

Ser

100

Thr

PRT

SEQUENCE :

Thr

Pro

Thr

Glu
165

Ser

2la

Phe

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM: Homo sapiliens
FEATURE:
NAME /KEY: misc feature
LOCATION:

122

Phe

Ser

Ala

Val

150

Ser

Thr

Asn

41

Gly
Val
Ser
135
Gln
Val
Leu

Glu

Arg
215

(1) .. (122)

3

Val

5

Ser

Vval

2la

Thr

Ser

85

Ser

Leu

SEQ ID NO 4
LENGTH :
TYPE :
ORGANISM: Homo sapiens
FEATURE:
NAME /KEY: misc feature

LOCATION:

108

Gln

ATrg

Agn

Met

70

Leu

Ser

Val

Ser

Gln

Asn

55

Thr

Arg

Ser

Thr

(1) ..(108)

4

Gly

Phe

120

Val

Trp

Thr

Thr

Val

200

Gly

Gly

Ala

Ala

40

Gly

Thr

Ser

Trp

Val
120

Gly
105
Ile

Val

Glu
Leu
185

Thr

Glu

Ala

Ser

25

Pro

ASP

ASP

ASDP

Ala

105

Ser

Thr

Phe

Val
Gln
170

Ser

His

Glu

10

Gly

Gly

Thr

Thr

ASp

90

Sexr

US 10,351,630 B2

Pro

Leu

ASpP

155

ASpP

Gln

OTHER INFORMATION: Tralokinumab Heavy

Val

Tyr

Gln

Agn

Ser

75

Thr

Trp

-continued

Val

Pro

Leu

140

Agnh

Ser

Ala

Gly

Glu
Ser
125

Asn

Ala

Asp

Leu
205

chain

Thr

Gly

Tyr

60

Thr

Ala

Phe

Phe

Leu

45

Gly

Ser

Vval

Phe

OTHER INFORMATION: Tralokinumab Light chain

Ile

110

ASP

Agn

Leu

ASP

Tyr

120

Ser

Pro

Thr

30

Glu

Gln

Thr

ASP
110

Lys

Glu

Phe

Gln

Ser

175

Glu

Ser

Gly
15

Agn

Trp

Glu

Ala

Tyr

o5

Leu

Arg

Gln

Ser
160

Thr

Pro

b2la

Met

Phe

Tyzr
80

Trp

ser Tyr Val Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Lys

1

5

10

15

Thr Ala Arg Ile Thr Cys Gly Gly Asn Ile Ile Gly Ser Lys Leu Val

20

25

30

42



Hig

ASpP

Agn
6b

ASP

Val

<210>
<211>
<212 >
<213>
220>
<22]1>
<222 >
<223 >

<400>

Trp

ASpP

50

Ser

Glu

Val

Tyr

35

Gly

Gly

Ala

Phe

Gln

ASP

Agn

ASP

Gly

100

PRT

SEQUENCE :

Met Lys Thr Pro

1

Leu

ASP

Leu

ASp

65

Ala

Glu

Phe

Thr

Glu

145

Gly

Glu

Tle

Ser

Tyr

225

Pro

Thr

Val

ASpP

Lys

50

His

Glu

Phe

Tle

ala

130

Glu

His

Pro

Tle

Ala

210

2la

Ser

ASpP

Thr
Ala
35

AgSh

Glu

Gly

Leu
115

Ser

Arg

AgSh

Tyr
195

Gln

ASP

Ala

Ser

Tle
20
Thr

Thr

Gly
His
100

Leu

Tle

Leu

Leu
180

Agn

Ser

Phe

Glu

Gly

260

Leu

Gln

Arg

Thr

Tyr

85

Gly

SEQ ID NO b
LENGTH :
TYPE :
ORGANISM: Homo saplens
FEATURE:
NAME /KEY: misc feature
LOCATION:

766

Pro

Ala
70

Tyr

Gly

43

Pro

Ser
55

Thr

Thr

(1) ..(766)

5

Trp
5
Ile

Ala

Leu

Asn

85

Ser

Glu

Asp

Pro

2la

165

Pro

Gly

Ala

AsSn

Ser
245

Ala

Ser

Thr

ASpP

ATrg

Tyr

70

Ser

Tle

ITle

Agn
150

Ser

Tle

Leu

ASpP

230

Leu

Val

Ser

Val

Val

Ser

Leu

55

Ser

Asn

Asn

Tvr

135

Asn

Val

Thr

Trp

215

Thr

Gln

Agnh

Val

Gly
40
Gly

Leu

Gln

Leu

Pro

ATy

40

Gln

Val

ASDP

Tyr

120

ASP

Thr

Trp

Arg

ASP

200

Trp

Glu

Pro

Thr

Gln

Ile

Thr

Val

Leu
105

Leu

Val

25

Leu

Glu

Phe

Tyr

105

Val

Leu

Gln

Agn

Tle
185

Trp

Ser

Val

Pro

Thr
265

ASn

2la

Pro

Tle

Trp

S0

Thr

Gly
10
Val

Thr

Agn
Leu
S0

Ser

Agn

Trp

Agn
170

Thr

Val

Pro

Pro

Lys

250

Val

2la
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Pro

Glu

Ser

75

ASDP

Val

Leu

Leu

Ser

Agnh

75

Glu

Tle

Gln

Val
155

ASpP

Trp

AgSn

Leu

235

Thr

Thr

-continued

Val Leu Val TIle

45

Arg Phe Ser Gly

60

Arg Val Glu Ala

Thr Gly Ser Asp

Leu

Leu

Leu

Thr

Leu

60

Tle

Asn

Ser

Trp

ATYJ

140

Thr

Tle

Thr

Glu

Gly

220

Tle

Val

Phe

Ser

OTHER INFORMATION: DPP4 membrane bound form

Gly

AsSn

Leu

45

Arg

Leu

Ser

Pro

Arg

125

Gln

Trp

Gly

Glu
205

Thr

Glu

Arg

Phe

Tle

Ala

Lys

30

Thr

Trp

Val

Thr

ASP

110

His

Leu

Ser

Val

Lys

120

Glu

Phe

Val

Val
270

Gln

S5

2la

15

Gly

ASP

Tle

Phe

Phe

55

Gly

Ser

Ile

Pro

Lys

175

Glu

Val

Leu

Ser

Pro

255

Val

Tle

Ser

Gly
80

Pro

2la

Thr

Ser
Agn
80

ASpP

Gln

Thr
Val
160

Tle

ASp

Phe

Ala

Phe

240

Agh

Thr

44



Ala

Trp

305

ASh

Trp

Trp

Agn

Cys

385

Thr

Leu
Ala
465

Thr

Agn

Tle
ASp
545

Leu

Ser

Ala

Ala

Ala

625

Gly

Ser

Leu

Met

Pro
290

ala

Agn

Val

Ser

370

Trp

Tle

Ile

Agn

450

Leu

Ser

Leu

Leu

530

Val

Agn

Phe

Tle

ala
610

Ile

Ser

Arg

Pro

Ser
690

275

Ala

Thr

Ser

Gly

355

Phe

Phe

Glu

Ser

Gln

435

Pro

Hig

Ala

ASP

515

Pro

Trp

ASP

Agn

595

ATg

Trp

Gly

Trp

Thr
675

Ser

Gln

Val

Leu

340

ATy

Gln

Val

Agn

420

Leu

Glu

Ser

Leu

500

Phe

Pro

Ala

Ala

Gly

580

ATg

Gln

Gly

Ser

Glu
660

Pro

Ala

Met

Glu

Met

325

Val

Phe

Ile

Ile

405

Glu

Ser

Arg

Gln

Ser

485

AsSp

Ile

His

Gly

Thr

565

Arg

Arg

Phe

Trp

Gly
645

Glu

Glu

Leu

ATg

310

ASP

Ala

ATy

Tle

ASpP

390

Gly

Leu
4770

Val

ITle

Phe

Pro
550

Gly

Leu

Ser

Ser
630

Vval

ASP

Agn

45

Tle
295
ITle
Tle
Arg
Pro
Tle

375

Ile

Gln
455
Arg
Asn
Met
Leu
Asp
535
Leu
Ser

Gly
Lys
615
Phe
AsSp
Asn

Phe
695

280

Gly

Ser

Gln
Ser
360

Ser

Glu

Gly

Thr
440

ASP

Leu

Agn

520

Ser

2la

Gly

Thr

600

Met

Gly

Ser

Leu
680

ASDP

Leu

ASP

His

345

Glu

ASn

ASP

Ala

Met
425

Ser

Gln

505

Glu

Ser

Gln

Ser

Tyr

585

Phe

Gly

Gly

Val
665

ASP

Gln

His

Gln

Tyr

330

Tle

Pro

Glu

Leu
4710

Pro

Val

Ser

Gly

Gly

490

Agn

Thr

Thr
570

Gln

Glu

Phe

Gly
650

Hisg

Val
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Trp

315

ASpP

Glu

His

Glu

Thr

395

Thr

Gly

Thr

Val

Pro

475

Leu

Val

Ala

555

Glu

Gly

Val

Val

Val
635

Tle

Thr

Glu

-continued

Leu

300

Leu

Glu

Met

Phe

Gly

380

Phe

Ser

Gly

Ser

460

Gly

ATYJ

Gln

Phe

Tyr

540

ASpP

Asn

ASD

Glu

ASP

620

Thr

Ala

Glu

ATYJ

Tvyr
700

285

Arg

Ser

Ser

Thr

365

Ile

Asp

Arg

Leu

445

Phe

Leu

Val

Met

Trp

525

Pro

Thr

Ile

Asp
605

Asn

Ser

val

Arg

Asn

685

Leu

ASP

ATg

Ser

Thr

350

Leu

ATrg

Thr

Agn

430

Ser

Ser

Pro

Leu

Pro

510

Leu

Val

Ile

Tle

590

Gln

Met

Ala

Tyr

670

Ser

Leu

Val

Ile

Gly

335

Thr

ASP

His

Leu
415

Leu

Leu

Glu

495

Ser

Gln

Leu

Phe

Val

575

Met

Tle

ATrg

Val

Pro
655
Met

Thr

Tle

Thr

Gln

320

Gly

Gly

Tle

Gly
400

Glu

Glu

Tyr

480

ASpP

Met

Leu

Arg

560

2la

His

Glu

Ile

Leu

640

Val

Gly

Val

His

46



Gly
705

Lys

Thr

2la

Ala

Leu

Asp Glu Asp

Thr

<210>
<211>
<212 >
<213>
<220>
<22]1>
<222 >
<223 >

His

Met
755

47

Asp Asp Asn Val

710

Val Asp Val

725

His Gly Ile

740

Ser His Phe

PRT

<400> SEQUENCE:

Ser Arg Lys Thr

1

Leu

Ser
Asn
65

AsSn

Asn

Val

Tyr

145

Thr

Trp

Thr

Gln

Agn

225

Val

ITle

Tle

Lys

Gln

Val

50

ASpP

ASp

Thr

Trp

130

ATrg

ASpP

Trp

Glu

Tvyr

210

Pro

Thr

Gly

Ser

Leu
Glu
35

Phe

Val

Leu

Gln

115

AgSh

Tle

Trp

Ser

Val

195

Pro

Thr

Agn

ASP

Leu
275

Tyr
20
Asn

Leu

Ser

Agn
100

Trp

Agnh

Thr

Val

Pro

180

Pro

Val

Ala

Hig

260

Gln

SEQ ID NO o
LENGTH :
TYPE :
ORGANISM: Homo saplens
FEATURE:
NAME /KEY: misc feature
LOCATION:

728

Gly

Ala

Tle

(1) ..(728)

6

Asn

Glu

Tle

Gln

85

Val

AsSp

Trp

Tyr

165

Agh

Leu

Thr

Thr
245

Trp

Thr

Leu

ITle

ASh

Ser

70

Trp

ATrg

Thr

Tle

Thr

150

Glu

Gly

Tle

Val

Phe

230

Ser

Leu

Leu

Leu

Arg

Leu

Ser

55

Pro

Arg

Gln

Trp

Tyr

135

Gly

Glu

Thr

Glu

Arg
215

Phe

Tle

Arg

Hig

Val

Ser

Lys
760

Thr

Trp

Val

40

Thr

ASP

Hig

Leu

Ser

120

Val

Glu

Phe

Tyr

200

Val

Val

Gln

ASP

Arg
280

Phe

ASDP

Ser

745

Gln

ASP

Tle

25

Phe

Phe

Gly

Ser

Tle

105

Pro

Glu

Val

Leu

185

Ser

Pro

Val

Tle

Val

265

Tle

Gln
Phe
730

Thr

Tyr

10

Ser

Agn

ASp

Gln

Tyr

50

Thr

Val

Tle

ASp

Phe

170

Ala

Phe

Agn

Thr
250

Thr

Gln
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Gln
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Gln

Ala

Phe

OTHER INFORMATION: DPP4 soluble form

Leu

ASpP

Ala

Glu

Phe

75

Thr

Glu

Gly

Glu

ITle

155

Ser

Pro

Thr

235

Ala

Trp

Asnh

-continued

Ser

Ala

Hig

Ser

Hig

Glu

Phe

60

Tle

Ala

Glu

Hig

Pro

140

Tle

Ala

Ala

Ser

Lys

220

ASD

Pro

Ala

Ala

Met

Gln

Leu
765

Asn

Glu

Tvyr

45

Gly

Leu

Ser

Arg

Lys

125

Agh

Gln

Asp
205

Ala

Ser

Ala

Thr

Ser
285

Gln

Trp

His

750

Pro

Thr

Tyr

30

Gly

His

Leu

Tle

110

Leu

Leu

Agn

Ser

Phe

120

Glu

Gly

Leu

Ser

Gln

270

Val

Ile
Tyr
735

Ile

Tyr

15

Leu

Agn

Ser

Glu

ASP

55

Pro

2la

Pro

Gly

2la

175

AgSh

Ser

ala

Ser

Met

255

Glu

Met

Ser
720

Thr

Ser

ITle

Tyr

80

Ile

Agn

Ser

Tle

160

Leu

ASp

Leu

Val

Ser

240

Leu

ATrg

ASp

48



Ile
ATrg
305

Pro

Ile

Tle

Lys

385

Gln

ATg

Agn

Met

465

Leu

ASp

Leu

Ser
545

Gly

Phe

ASp

625

ASh

Phe

Val

Gly

Ala

Cys
290
Gln

Ser

Ser

Glu
370
Gly

Thr

ASp
450

Leu

AgSh

Ser

2la

530

Gly

Thr

Met

Gly

Lys

610

Ser

Leu

His

Val
690

Ser

ASP

His

Glu

Agn

ASP

355

Ala

Met

Ser
435

Gln

Glu

Ser

Gln
515

Ser

Phe

Gly

Gly
595

Val

ASP

Gln

Phe

675

ASP

Ser

Ile

Pro

Glu

340

Leu

Pro

Val

Ser

420

Gly

Gly

Agn

Thr

Lys

500

Thr

Gln

Glu

Phe
580

His

Val

660

Gln

Phe

Thr

AsSp

Glu

His

325

Glu

Thr

Thr

Gly

Thr

405

Val

Pro

Leu

Val

Lys

485

Ala

Glu

Gly

Val

565

Vval

Val

ITle

Thr

Tyvr

645

Glu

Gln

Gln

Ala

Glu

Met

310

Phe

Gly

Phe

Ser

Gly

390

Ser

Gly

ATrg

Gln

470

Phe

ASpP

Agn

ASpP

550

Glu

ASpP

Thr

Ala

Glu
630

ATrg

Ser

Ala

His

49

Ser
295

Ser

Thr

ITle

AsSp

375

Arg

Leu

Phe

Leu

Val

455

Met

Trp

Pro

Thr

Tle

535

Asp

Asn

Ser

Val
615

Arg

Agnh

Leu

Ala

Met

695

Gln

Ser

Thr

Leu

ATy

Thr

360

Agn

Ser

Ser

Pro

440

Leu

Pro

Leu

Val

520

Tle

Tle

Gln

Met
600

Ala

Ser

Leu

Gln

680

Trp

His

Gly

Thr

ASDP

His

345

Leu

Leu

Lys

425

Leu

Glu

Ser

Gln

Leu

505

Phe

Val

Met

Ile

Arg

585

Val

Pro

Met

Thr
Tle
665

Ile

Tle

Arg

Gly

Gly

330

Ile

Gly

Glu
410

Glu

Met
490

Leu

2la

His

Glu

570

Tle

Leu

Val

Gly

Val
650

His

Ser

Thr
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Trp
Trp
315

Asnh

Thr

Lys

395

Leu

Ala

Thr

Asnh

Lys

475

Ile

ASpP

Leu

Ser

Ala

555

Ala

Ala

Gly

Ser

Leu
635

Met

Gly

ASpP

Thr

-continued

Asn Cys Leu Val

300

Val

Ser

Trp
Ile
380

ITle

AsSn

Leu

Ser

460

Leu

Leu

Val

Asn

Phe

540

Tle

Ala

Tle

Ser

ATrg

620

Pro

Ser

Thr

Ala

Glu

700

Hig

Gly

Phe

Phe

Glu

365

Ser

Gln

Pro

Hig
445
Ala

Asp

Pro

Trp

525

Asp

AsSn

Arg

Trp

Gly

605

Trp

Thr

Arg

Ala

Leu

685

Asp

Met

ATg

Gln

350

Val

Agn

Leu

Glu

Tyr

430

Ser

Leu

Phe

Pro

Ala

510

Ala

Gly

ATrg

Gln

Gly

590

Ser

Glu

Pro

Ala

ASP

670

Val

His

Ser

Phe

Lys

335

Ile

Ile

Glu

Ser

Arg

415

Gln

Ser

ASpP

Ile

His

495

Gly

Thr

Arg

Arg

Phe

575

Trp

Gly

Glu

Glu

655

ASP

ASP

Gly

His

2la

ATrg

320

Tle

ASpP

Gly

ASpP

400

Leu

Val

Ile
480
Phe

Pro

Gly

Leu

560

Ser

Ser

Val

ASDP

640

Agh

Agn

Val

ITle

Phe

50



705

51

710

Ile Lys Gln Cys Phe Ser Leu Pro

725

<210> SEQ ID NO 7

<211> LENGTH:
<212> TYPE:

3913
DNA

<213> ORGANISM: Homo sapilens
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION:
«223> OTHER INFORMATION: DPP4 membrane bound form

<400> SEQUENCE: 7

ctttcactgy

tgagtttgcc

gttggaggag

ccggceccagy

gggccccgca

tcgegggcetce

cgcctgecct

gtttaactcyg

caggacgcgc

acttccgagy

gctgctgecgce

gatgctacag

agactgaagt

aataatatct

acatttgatyg

attctcttag

atttatgatt

tgggtcacat

gttaaaattg

atatataatyg

ctgtggtggt

ccacttattyg

gttccatatc

gactctctca

ttgatagggg

cagtggctca

agtggaagat

gttggaagat

atcatcagca

tgcacattta

tatctatact

caagagacgg

aaagtcccect

ctgaacgccy

gtctgcgcat

ctctgcgecc

ccecegygecy

gcagcctgcec

gggccgaaac

gtctccgecy

agacgccgac

ttgtcaccat

ctgacagtcyg

tatactcctt

tggtattcaa

agtttggaca

aatacaacta

taaataaaag

ggtcaccagt

aaccaaattt

gaataactga

ctccaaacgyg

aatactcctt

caaaggcagyg

gctcagtcac

atcactactt

ggaggattca

ggaactgctt

ttaggccttc

atgaagaagyg

ttacaaaagy

acattagtaa

(1) .. {(766)

agtcctgggt

gccctetety

acgtcatttt

ccgaggcecgc

cggctgecgc

ggatgccagt

cgcggcogcect

ttgccagcgy

ccecgeggtga

gatgaagaca

catcaccgtyg

caaaacttac

aagatggatt

tgctgaatat

Ctctatcaat

cgtgaagcaa

gcagctgatt

gggtcataaa

accaagttac

ctgggtttat

cactttttta

ctactctgat

agctgtgaat

caatgcaact

gtgtgatgtyg

gaactattcg

agtggcacgg

agaacctcat

ttacagacac

cacctgggaa

tgaatataaa
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ttcagttcca

ggtctecggtt

tagctaagag

gcgccctttce

ccagcgcecect

gccocgoged

ttatacccag

cgagtgactc

cttctgectyg

ccgtggaagyg

ccegtggttc

actctaactg

tcagatcatyg

ggaaacagct

gattattcaa

tggaggcatt

acagaagaga

ttggcatatyg

agaatcacat

gaagaggaag

gcatatgccc

gagtcactgc

ccaactgtaa

tccatacaaa

acatgggcaa

gtcatggata

caacacattg

tttacccttyg

atttgctatt

gtcatcggga

ggaatgccag

-continued

gttgcctgeg
ccctegectyg
ggagcagggdt
cccteccecca
acaccgccect
acgcgcegect
cgggceteggce
caccgcccgyg
cgctcecttet
ttctteotggy
tgctgaacaa
attacttaaa
aatatctcta
cagttttett
tatctcctga
cctacacagc
ggattccaaa

tttggaacaa

ggacdgggaa

tcttcagtgce

aatttaacga

agtacccaaa

agttctttgt

tcactgctcc

cacaagaaag

tttgtgacta

aaatgagtac

atggtaatag

CCccaaataga

tagaagctct

gaggaaggaa

720

(full sequence),

gtgggctgtyg
tccacgtgag
ccccecgagteog
cggctcoctec
cagggyggcecc
gcteocegegc
gctcactaat
agcagcggtyg
ctgaacgctc
actgctgggt
aggcacagat
aaatacttat
caaacaagaa
ggagaacagt
tgggcagttt
ttcatatgac
caacacacag
tgacatttat
agaagatata
ctactctgcet
cacagaagtc
gactgtacgyg
tgtaaataca

tgcttetatg

aatttctttg

tgatgaatcc

tactggctygy

cttctacaag

taaaaaagac

aaccagtgat

CCctttataaa

cDNA

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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atccaactta

tgtcagtact

ggtcctggtce

ctggaagaca

ctggacttca

tttgataaat

aaagcagaca

atagtagcta

atcaacagaa

tcaaaaatgyg

tacgtaacct

gcgcctgtat

ccaactccag

aattttaaac

cagcagtcag

tggtatactyg

cacatgagcc

catttaaagc

tgatgatgat

aatttcatac

agaagtttga

daacaacadad

aatctttttc

gtgggcagtyg

agggcatggc

ccteggagaa

cagtctcagy

aagactccaa

ggctataggt

daaaaaaaat

cagcttgccc

ttgcatcaat

tcettggact

ttctacatac

dddadaadadad

gtgactatac

attctgtgtc

tgcccctcta

attcagettt

ttattttgaa

ccaagaaata

ctgtcttcag

gctttgatgy

gactgggaac

gatttgtgga

caatggtcct

cccggtggga

aagacaacct

aagttgagta

ctcagatctc

atgaagacca

acttcataaa

ttattaaaac

cCtttaaaata

ctatcatctt

attatccggt

taggaattgt

taactggact

atgtcactag

tgggaaccca

gagctgttca

aaatcaaata

agaaatgtaa

gctacaaaaa

actgatgttc

tgttaaaaga

CCCLtcttatt

cattttaaaa

tatggaattt

adad

What 1s claimed 1s:

1. An 1solated antibody that binds to human dipeptidyl
peptidase-4 (DPP-4), comprising a heavy chain variable
domain (VH) with three heavy chain complementarity deter-

mimng regions (CDRs) V.

53

aaaagtgaca
attcagtaaa
tactctacac
ggataaaatyg
tgaaacaaaa
tcctcectacta
actgaactygg
cagaggaagt
atttgaagtt
caacaaacga
gggatcggga
gtactatgac
tgaccattac
ccteccettatt
caaagccctg
tggaatagct
acaatgtttc
tcatttttgt
cacactcaaa
aagtagggac
cgggttttat
ttttatggag
ggttcaaatyg
gygcagggaca
agtccaagca
cagccagact
tgcaaagcac
gggaaactgc
cacagcaagg
ctagtgaaag
tgaaaatatt
tcatttcttt
aatggaacat

ctcccagtca

US 10,351,630 B2

tgcctcagtt

gaggcgaagt

agcagcgtga

ctgcagaatyg

ttttggtatc

ttagatgtgt

gccacttacc

ggttaccaag

gaagatcaaa

attgcaattt

agtggcgtgt

tcagtgtaca

agaaattcaa

catggaacag

gtcgatgttyg

agcagcacag

CCctttacctt

Cttcattatc

tcaagaaact

ttectgtette

tgtttaaaat

gctttgcata

Ctgttctctt

ggataagagg

taccaacacg

ggcacagttt

tgacttctaa

cagcaacgca

gtgatgggaa

aggcagctty

tgtatcacaa

gagtgtctta

aaaatacaat

Cttaataaat

-contilnued

gtgagctgaa tccggaaagg 1920
attatcagect gagatgttcc 1980
atgataaagg gctgagagtc 2040
tccagatgcce ctccaaaaaa 2100
agatgatctt gcctcctcat 2160
atgcaggccc atgtagtcaa 2220
ttgcaagcac agaaaacatt 2280
gagataagat catgcatgca 2340
ttgaagcagc cagacaattt 2400
ggggctggtc atatggaggyg 2460
tcaagtgtgg aatagccgtyg 2520
cagaacgtta catgggtctc 2580
cagtcatgag cagagctgaa 2640
cagatgataa cgttcacttt 2700
gagtggattt ccaggcaatg 2760
cacaccaaca tatatatacc 2820
agcacctcaa aataccatgc 2880
tcaaaactgc actgtcaaga 2940
taaggttacc tttgttccca 3000
acaacagatt attaccttac 3060
catttctgca tcagctgctyg 3120
gattccctga gcaggatttt 3180
ctttaaaggg atggcaagat 3240
gattagggag agaagatagc 3300
agcaggctac tgtcagctcc 3360
tctgagaaag actattcaaa 3420
gtaaaaccac agcagttgaa 3480
ggcccceccagyg tgccagttat 3540
agcattgtaa atgtgctttt 3600
aaactgagat gtgaacacat 3660
atcttaactt gaaggagtcc 3720
attaaaagaa tattttaact 3780
gttatgtatt attattccca 3840
gtgccttcat tttttcagaa 3900

3913

60

HCDRI1, VHCDR2 and VHCDR3, 65

and a light chain variable domain (VL) with three light chain

CDRs VLCDRI1, VLCDR2, and V.

LCDR3, wherein the six

54

CDRs of the 1solated antibody are 1dentical to the six CDRs
of mouse monoclonal antibody m3B7.6 produced from a
hybridoma deposited at the American Type Culture Collec-

tion (ATCC) under Deposit No. PTA-121870, mouse mono-
clonal antibody m3B’/.7 produced from a hybridoma depos-

ited at the ATCC under Deposit No. PTA-121871, rat
monoclonal antibody R11A2.15 produced from a hybridoma
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3

deposited at the ATCC under Deposit No. PTA-121872, or
rat monoclonal antibody R11A9.11 produced from a

hybridoma deposited at the ATCC under Deposit No. PTA-
121873.

2. The 1solated antibody of claim 1, comprising a VH and
a VL 1dentical to the VH and VL of mouse monoclonal

antibody m3B7.6 produced from a hybridoma deposited at
the American Type Culture Collection (ATCC) under

Deposit No. PTA-121870, mouse monoclonal antibody
m5B7.7 produced from a hybridoma deposited at the ATCC
under Deposit No. PTA-121871, rat monoclonal antibody
R11A2.15 produced from a hybridoma deposited at the
ATCC under Deposit No. PTA-121872, or rat monoclonal
antibody R11A9.11 produced from a hybridoma deposited at
the ATCC under Deposit No. PTA-121873.

3. The antibody of claim 1, which further comprises a
heterologous polypeptide fused thereto.

4. The antibody of claim 3, wherein the heterologous
polypeptide 1s a stabilizing polypeptide, a tag, a label, or a
combination thereof.

5. The antibody of claim 1, which i1s conjugated to a
heterologous moiety.

6. The antibody of claim 35, wherein the heterologous
moiety comprises one or more of: a peptide, a protein, an
enzyme, a lipid, a heterologous antibody or fragment
thereot, a detectable label, or polyethylene glycol (PEG).

7. The antibody of claim 6, wherein the heterologous
moiety comprises biotin or a ruthenium chelate.

8. A composition comprising the antibody of claim 1.

9. A composition comprising a combination of at least two
antibodies, wherein each of the at least two antibodies
comprises six CDRs of mouse monoclonal antibody m3B7.6

10

15

20

25

30

56

produced from a hybridoma deposited at the American Type
Culture Collection (ATCC) under Deposit No. PTA-121870,
mouse monoclonal antibody m5B7.7 produced from a
hybridoma deposited at the ATCC under Deposit No. PTA-
121871, rat monoclonal antibody R11A2.15 produced from
a hybridoma deposited at the ATCC under Deposit No.
PTA-121872, or rat monoclonal antibody R11A9.11 pro-
duced from a hybridoma deposited at the ATCC under
Deposit No. PTA-121873.

10. A hybridoma selected from the group consisting of the

hybridoma deposited at the American Type Culture Collec-
tion (ATCC) under Deposit No. 121870, the hybridoma

deposited at the ATCC under Deposit No. 121871, the
hybridoma deposited at the ATCC under Deposit No.
121872, the hybridoma deposited at the ATCC under
Deposit No. 121873,

11. An 1solated antibody produced by the hybridoma of
claim 10.

12. A composition comprising an antibody produced by
the hybridoma of claim 10.

13. An antibody-producing cell culture comprising: a

hybridoma deposited at the American Type Culture Collec-
tion (ATCC) under Deposit No. 121870, a hybridoma depos-

ited at the ATCC under Deposit No. 121871, a hybridoma
deposited at the ATCC under Deposit No. 121872, or a
hybridoma deposited at the ATCC under Deposit No.

121873.
14. An 1solated antibody produced by the antibody-pro-

ducing cell culture of claim 13.
15. A composition comprising an antibody produced by

the cell culture of claim 13.

G ex x = e
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